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rUEFATORY NOTE. 



Ill tlie preparation of the following pages a low leading 
objects hsTe been kept ia view bj the author. 

Fiist. To give, within the compass of one small volnmo, 
such descriptions of the vavions metlioils of locating conntry 
roads, and of constructing the road and street coverings in 
more or less common nso at the present day, as will render 
the essential details of those methods, as well as certain im- 
provements thereon of which many of them are believed to 
be susceptible, familiar to any intelligent non-professional 
reader. 

Second. To make siich practical suggestions with respect 
to the selection and application of materials, more especially 
those, with the properties and uses of which builders are 
presumed to be the least acquainted, as seem needful in 
order to develop their greatest practical wortli, and realize 
their greatest endurance. 

Third. To institute a just and discriminating compar- 
ison of the i-espeetive merits of the several street pavements 
now competing for popular recognition and favor, under the 
varying conditions of traffic, climate, and locality, to which 
they are commonly subjected. 

Q. A. G. 
New Yoi!K. Mardi 1, ISTG. 
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PliACTICAL TREATISE 



HOiDS, STIIEETS, Ml) PAVEMENTS. 



CHAPTER I. 

LOCATION AND 0RADE3 OF COCXTKY ROADS. 

Considerations Governing Iiocation. 

The eoiisidci'iitions wliicli slioulil goyorii the Engineer in 
locating the lino of an ordinary wagon road ni-e (1) the 
piesent and piospeUhe imount of tiafflc oTCr the road ; (2) 
lis gencial character, whothei light or lieivy ; (3) the coii- 
^cnicneo ind nece aitn,s of the community tributaiy to the 
lino, and (4) the natural foituics of the country tlirougli 
which the loid must pasa The Ithoi of the preliminary 
cximimtion of the gioiind i\ill be con'^iderably lessened by 
keeping m mow a few elementary pimciples, viz: (1) that 
the nitunl watii couise=! aie not onlj the lowest lines, hut 
the lines of the gieitest longitudinal slope in the valleys 
thiuiigh, which they flow, (3) that the diiection and posi- 
tion of the puni-ipal stieams gi\e aUo the direction and 
approximate position of the hii;;h ground or ridges which lio 
between them ind (j) t'lit the p >=!itions of the tributaries 
to the lai'ger streams generally indicate the points of 
gi'Oatest depression m Mio summits of the riilgcs, and tiiorc- 
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JO ]10ADS, STREETS, ASH PAVEMENTS. 

fore tlie points sit wliicli latcraJ commnnication across tlie 
liigli gronTid separating contiguous valleys could ha inost 
i-eadilj made. 

Reconnaissance. 

"With tho aid ol an ordinary nnip of tlic country, i£ 
reasonably correct, it is entirely practicable to trace upon it 
with a snfficient degree of accuracy for the immediate object 
in view, not only the general directions of the ridges or 
highest gi'ound, but also to locate approximately those 
rontes most suitable for the purposes of a road across the 
hills, from one valley to another. 

Being provided with the information usually supplied by 
maps or, in the absence of trustworthy maps, having secured 
that infonnation by an instrumental examination, the topo- 
graphical and other charactei-istic features of tho ground 
should be carefully studied by travelling in both directions 
over the several routes, upon any one of which the line may 
be located, earefnlly noting down for future comparison, tho 
distinctive fcatLircs of each. 

Aneroid Barometer. 
If the Ihie passes -over such hilly or undalating ground, 
that considerable differences of level are necessai'ily encoun- 
tered in its location, valuable aid may be derived from a 
pocket Aneroid barometer. This instrnmont shown in sec- 
tion tlirongh the axis in Fig. 1, consists of a flat cjlindrieal 
box A, exhausied of air, the top of which is thin metal cor- 
rugat-ed iu concentric cu'cles so as to render it ((iiite eliistic. 
As tho atmospheric pressure increases, the elastic top of the 
box is forced in or down, and as it decreases it is forced out 
or iij). Tills movement of tlio top of the box due to changog 
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intlicatmosplieriepressiire, is conveyed by multiplying levers 
DE, EG, GH, and a amall chain II to an index needle NM", 
moving over a circnlar scale MM, graduated to correspond 
with the standard mercurial harometer. The spiral spring 
S, by its tension raises the long arm of the lover DE, when 
tlie pressure on the top of the box is lessened, thus Jfeepiiig the 
short arm of the lever constantly in contact with tlie fnlcrnni 
C. The Aneroid is used by the following rule : The sum 
of the readings at two stations, is to their difference, as 55,000 
(or twice tho height of the atmosphere in feet), is to the clc- 




Tatiou required. Thus, if the residing at tiic foot of a hill 
is 30.05, and at the top 20.44, we Lave the following 59.49 ; 
O.Cl : : 55,000ft. : 564ft. 

By the intelligent use of this barometer, the scope of 
inquiry may frcqiiently be ranch narrowed at the outset, and 
the labor and expense of the subsequent surrey greatly 
abridged. !For instance, if tlie lino of communication is to 
connect two valleys by crossing tho high gi'ound between 
tliem, it should be located, other things being equiil, in the 
lowest depression of the summit. A reconnaissance with a 
barometer should indicate with an error not exceeding 10 to 
loft, tlic relative altitude of the several summit depressions, 
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13 nOADS, STUEKTS, AND I'AYKMEMTS, 

and tliorolorc the best location of the roritc, so far as tlio 
question of grade fixes the location. The average of sev- 
eral observations with tlie barometer, is desirable. 

Surveys, Map and Descriptive Memoir. 

The roconuaiasance having been eompletcd, and tlio 
inqiiiiy narrowed down by the exclusion of the least prac- 
ticable routes, preliminary surveys should then be made of 
the several trial-lines, witli a view to determine their length, 
direction, and position, t-ogcther with a longitudinal section 
and numerous cross-sections of each line. All this should 
be done with sufficient accuracy and minnteness of detail to 
form the basis of comparative estimates of tlicir practicabil- 
ity and cost Money liberally spent in surveys entrusted to 
skillful persons, is wisely spent, and offers the surest guar- 
antee against subsequent mistakes and errors of judgment. 
Its amount, at the outside, cannot exceed a very small per- 
centage of tlie cost of constructing the road, while the 
results. Judiciously employed, are sure to furnish innumer- 
able suggestions for lessening the cost without impairing the 
excellence of the communication. 

Map. 

The data obtained fi-om the surveys should be carefully 
embodied in a map, showing witli considerable detail, the 
topography of the country embraced by the several trial- 
Uiies, the exact position of these lines, and all the longitudi- 
nal and cross- sections. The liorizontal scale of the sections 
should be the same as that of the map, wliile the vertical 
scale should bo considerably larger, in order to show clearly 
idl tlic inequalities of the ground, "With a liorizontal scale 
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LOCATION OF LIXl^. 13 

of oOOft. to tho iiieli, the vertical scale may be only aOft. to 
the ill ell. 

Descriptive Memoir. 

Tho descriptive memoir should give with minuteness all 
information, snch as the nature of the soil, the charitetei' of 
the several cuttings, wlicther earth or rock, the kiuii of roet, 
etc., etc., thateannotbe set forth on the map. The import- 
ance of carefully noting in the memoir, and as far as practi- 
cable upon the map also, all variations of the character of the 
cuttings through rock, and especially of maintaining a strict 
distinction between cuttings in rock and cuttings in earth, will 
bo admitted, when it is remembered that excavations in earth 
can be made at less than one-fourth the cost of excavations 
in rock. 

Ijocation of the Line. 

" In selecting among tlie different lines of the survey the 
one most snitablo for a common road, the engineer is less 
restricted, from the nature of the conveyance used, than in 
any other kind of communication. The main points to which 
he should eonfliie his attention are, (1) to connect tho points 
of arrival and departure by the shortest or most direct line ; 
(2) to avoid all unnecessary ascents and descents, or in other 
words to keep the ascents and descents within tho smallest 
practicable limits ; (3) to adopt such slopes or gradients for 
the centre lino of the road as the kind of conveyance used 
may require ; (4) to give tho centro lino such a position with 
reference to the natural eui-faeo of tho ground, and the 
various obstacles to bo overcome, ttiat the cost of labor for 
evcavations and embankments required by the gradients 
adopted, and also the cost of hridges and other accessories, 
shall bo reduced to the smallest amount." (Frof. Malian.) 
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14 llOADS, STilKlCTS, \Sl> PAVKJIKXTS. 

Except ill a flat and level coanti-y, it will seldom be prao- 
ticable to adopt, for the axis of tlie road, tlie sliortcst lino 
between the points of ai-rival and departnro. Departurea 
fi'oni a straight line arc determined by a vaiiety of consider- 
ations. In crossing a dividing ridge between two valleys, 
we seek a depression in the snmmit, in order to avoid expen- 
sive cutting, or the alternative of steep or impracticable 
gi-adicnta ; in descending a valley longitudinally, wo keep 
well up on the side of the hill, if necessaiy, to avoid bridg- 
ing tlie ravines and secondary water-eoui-ses ; if we encoun- 
ter a swamp or shallow poni3, we can frequently, by turning 
to the right or left, entirely omit the construction of an 
expensive causeway or other road bed, or substitute for it a 
short bridge over a naiTow water-course, with easy approaches 
on cither side ; a stream may cross and then re-erosa the 
direct line, forming an elbow which may sometimes be turned 
without greatly augmenting the length of the road, thus 
avoiding the construction and maintenance of two bridges ; 
wo may turn aside and even bridge a stream in order to get 
upon that slope of a valley which will give the best expos- 
ure of the road surface to sun and wind ; or we may lengthen 
the road for the pui-pose of procuring better material for its 
construction. 

Questions of Expediency to be Considered. 

Not infrequently other questions not strictly within the 
province of the engineer chaim attention to sach degree that 
although a straight line between the two termini of the road 
may be the best, considerations of expediency will very prop- 
erly lu'cvcnt its adoption. Intermediate communities and 
towns contiguous to the line may require aeeomnioautioii, 
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QUESTIONS OF EXl'EDIESCY. 15 

and whether such accommodation shall be afforded by Literal 
branch roads, leaving the main line essentially straight, or 
by nmning the latter throngh tho several centres of busi- 
ness, will have to be determined npon principles more or less 
indei>endent of the bare problem of construction and main- 
tenance. For example tate the simplest case of three towns 
A, B, C, Fig. 3, sitnated upon a uniformly level plain, 
where the cost of constract- 
ing and maintaining a line of 
communication will be di- F,n. 3, 

reetly proportional to its length. Suppose the points 
of an-ival and departure, A and C, to be 130 miles apart, 
and that B is equi-distant from A and C, but located 
20 miles off the direct line AC, If each town sends out 
20 tons of freight per day to ho distributed equally (10 
tons to each) between the other two towns, a simple cal- 
culation will show that with a straight road AC, between tho 
extreme points and a perpendicular branch road B'B to the 
intermediate town, the daily transportation of this 30 tons 
of freight, vn\l be equivalent to transporting 1 ton 5600 miles, 
while if one straight road be built from A to B, and anotlicr 
from B to G, tho total carriage will be equivalent to convey- 
ing 1 ton only 5060 miles. The difCerenec, (equal to 540 
tons carried 1 mile) in favor of the lines AB, BO, over the 
linos AC aud B'B is borne unequally by the tlireo towns in 
propoi'tion of 335 tons to B, and 103J- each to A and C. In 
the case stated, it is for the mutual advantage of ail tlie 
three eomtnunities to locate the line from A to B and from 
B to 0. But the conditions would be different if tlie great 
bulk of the traffic is between the towns of A and 0. For 
csamplc, if those towns CiChungo 20 tons per cliiy with cacli 
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otliei-, aiuT only 2 to 3 tons per day witli the town B, tlien 
the total mileage of transportation necessary in making 
the interchange, setting other consideration a aside, would 
favor Uie constnietion of a straight line AC, between tho 
terminal towns, and a perpendicular branch line B'B to tho 
intermediate town. But as this wonld reqnire a gi-eater 
length of road by 13^ miles (140 — 136^) than a continuous 
line ABC passing through the intermediate town, the ex- 
pediency of building and maintaining up wai-ds of 10 percent 
more road than is absolutely necesssiry to connect the tliree 
towns, presents itself as a question of some commercial im- 
portance, and before adopting the longer system, it should 
be made quite "clear that the yearly saving in cost of trans- 
portation will be more than sufficient to pay the interest on 
the first cost of constructing 13^ miles of road, as well as the 
annual expense of its maintenance. Except in extreme cases 
where the two towns at the ends of the line arc large in com- 
parison with the intermediate towns, it will usually be found 
to be most conducive to the convenience of the general pub- 
lic to run the line through all the principal communities, in 
p]-eference to the plan of communicating with the intermedi- 
ate places by branch roads, which might necessitate branch 
lines of wagons and coaches, connecting with those of the 
main line, attended by all tho usual inconvenience and 
expense of transferring passengers and goods at the points 
of junction. 

In the general case, however, the road will not traverse 
a level plain but will cross hills, ravines, rivers, and other 
accidents of the ground, so that the proper solution of the 
problem will involve a variety of considerations, among 
whicli the cnsincer's ideal of a straight and level line, the 
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wants of the communities to bo aceommoiLited, and ooon- 
omy in cost of construction will generally be more or less at 
variance. 

As it should be tbo first bnainess of the engineer to make 
liirnsell thoroughly familiar with the cliai-actcr of tlie coun- 
try adjacent to the line, for some distance on either side, all 
tlie preliminary field \york should be directed to that end. 

Contour Iiines. 

Ill laying out important roads, and especially in locating 
streets in towns or tbickly settled districts, where the ques- 
tions of gradient, drainage, sewerage, and water snpply 
assume special importance, it would bo well to plaeo the 
contour lines, or curves of uniform level, upon the map. 
These curves represent the intersections of tlie em-fiicc of the 
ground with a series of horizontal planes at equal distances 
apart, of say 3ft. 5ft. 10ft. or more — and indicate at once 
to the practiced eye the topography of the country which 
they embrace. We give. Fig. 3, the contour lines of a small 
tract of country, showing a vai'iety of natural features, such 
as undulating slopes, steep hill sides, ravines, water, and 
marsh. Every curve represents a level line traced upon the 
ground, the vertical distance, or difference of level, between 
the curves being 3 feet. 

Parallel Cross Sections. 

A survey so complete as would be required for mapping 
the contour liaes in the manner shown in Pig. 3, is seldom, 
if ever, resorted to, and is indeed unnecessary for the proper 
location of a country road. It will suffice to take a series of 
cross sections parallel to each other, and extending a suffi- 
cient diatiinco JatcraUv to embrace tlic width of the country 
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under examination. By plotting these sections to a scale, 
in their true relative positions, all referred to the same IctoI 
or datum line, it will bo esisy to locate the axis of the road 
properly thereon, and to estimate the quantities of excava- 
tion and embankment, provided the sections are taken sufti- 
ciently near together. Their distances apart should of coarse 
be less in proportion to the ruggedness and unevennese of 
the country. Suppose, for example, that 0, D, M, N, Tig. 4, 
represents a portion of the strip of country under examina- 




tion and A, B, the general direction of the roid, which mu=ft 
be located somewhero between the linca C M, ind D, N. 
Having run the several lines of levels 0, D, E, F, etc , 
transversely, and at least one line A, B, longitudmally eo 
as to establish a common datum line for ill the sections are 
drawn as shown in the figure. As a pirt of the map oi plan 
the right lines C, D, E, F, etc., show the positions of tbo 
cross sections, while they are also the datum lines, all on the 
same level, of their respective sections. Those portions of 
each section to the left of the da.tam line represent ground 
above that line and those portions to the right, below it, and 
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a liue like 0, P, driiwn through points in the several sccliona 
that are at the same distance from and on the siitnc side of 
the datum lines, will show the exact location of a level line 
ti'aced on the surface of the ground, Ilence the axis of the 
i-oad if located on the line 0, P, will be level, while upon 
the line Q, S, it would have an ascending grade of -^ from 
Q, to E, and a descending gi-ade of ■g'lf from E to 8, 

Having completed the surveys, and prepared the map 
and memoir with as much detail as possible, the engineer 
will then bo able to study with intelligence the relative ad- 
vantages of the trial lines, and to establish definifcely their 
location, direction and gradients, in order that the volumes 
of excavations and embankments shall balance each other as 
nearly as possible, except when other methods, hereafter 
rcferi'cd to would lessen the expense, while the cost of con- 
stmcting the necessary bridges, culverts, etc., shall bo care 
fully kept at the minimum. 

Grades. 

Upon common roads the grades, or tho angles which the 
axis of the road should make with a horizontal line, depend 
so much upon the kind of vehicle employed for traffic, tlie 
character of road-covering adopted for the surface, and the 
condition in wjiich that surface is maintained, that no 
empyrical role can be laid down. The grade should not 
be so great as to ref|uire the application of brakes to the 
wheels in descending, or to prevent ordinary vehicles carry- 
ing passengers ascending at a trot. In general the gradient 
should be somewhat less than the angle of repose, or that 
angle upon which the veliicle in a state of rest would not be 
set in motion by its own wciglit, but would descend witli 



HnjtcdbyGoOglc 



GRADES AND TRACTIVE FOKCE, 21 

Blow nniform velocity if very slight motioD be imparted to 
it, Tiie grades ihercfore, suitablo for any road, will depend 
upon the condition, with respect to smoothness and hard- 
ness, in which the surface is to be maiutaincdj and hence 
upon the iiind of road-covering used ; and as the force of 
gravity is the same whether the road bo rough and soft, or 
smooth and hard, eteep grades are more objectionable upon 
good roads than upon bad. 

Tractive Force. 

Many ingenious experiments have been made at varioua 
times to ascertain, in functions of the quality and condition 
of the road sarfaces, the measure of the tractive force, or the 
force required to overcome the resistances whicii oppose 
themselves to the movement of a vehicle along horizontal 
roads of different degrees of smoothness and hardness, and 
covered with different materials. Prom some of >the experi- 
ments of M. Moiin, conducted for tho French government, 
the following general results were deduced : 

1, The force of traction varies directly with the load and 
inversely with the diameter of the wheels, 

3. The resistance is practically independent of the width 
of tire on paved or hard Macadamized roads, where that 
width exceeds 3 or 4 inches. 

3. At ordinary walking speed the traction is tho same 
for carriages with springs, as for those without them, the 
otlier conditions being the same. 

4. The force of traction increases with the speed upon 
paved, or hard Macadamized roads. When the speed ex- 
ceeds 2^ miles per honr the increase in tlio resistance varies 
directly with the increase in velocity. 
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The smoother the road and the leas rigid the vehiclsj the 
less will be eaot equal increase of resistance duo to each 
equal increase of speed. 

5. The traction is practically independent of the Telocity 
upon soft dirt and sand roads, or roads freshly and thickly 
covered with grayel. 
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6. Upon a smooth-cut, evenly-laid stone pavement, the 
resistance at a walking speed does not exceed three-fourths 
that upon the hest Macadamized road at tho same speed, hut 
at trotting speed it is equal to it. 

7. The Tvear and tear of the road is greater as the diam- 
eters of the wheels are less, and is less fi'om vehicles with 
springs than from those without them. 

The following tahle, resulting from trials made with a 
dynamometer attached to a wagon moving at a slow psice 
upon a level, gives the force of traction in pounds upon 
sevei'al kinds of road-surfaces, in a fair condition ; the 
weight of wagon and load heing one ton of 2,240 pounds, 

1. On best stone trnckwaya 13!^ pounda. 

3. A good pknk road a3 to 50 pounds. 

3. A cabital block pavement 32 to 33 " 

4. A Macadamized road of Bmull broken stones. 65 pouoda. 

5. A Telford road, made with six. inches of broken 

Etone of great liardntss, hiid on a foundation 

of large atones set as a pavement 4G pounda. 

6. A road covered with sis inches of broken stono 

laid OQ concrota foundation 46 " 

7. A road made with a thick coating of gravel laid 

on earth 140 to 147 pounda. 

8. A iiommon earth road 3O0 pounds. 

In order to apply these results in establishing suitable 
gi-ades, take the case of the Macadamized road No. 4, in 
which tlio tractive force to the gross ton is 65 pounds upon 
a level road. Let AV— the weight of the vehicle and load 
ill pounds; p= pressure normal to the road-sui-faee in 
pounds ; t=force of traction in pounds on a level road. At 
the angle of repose of an inclined roa*i, the force, acting 
parallel to tho lino of grade, necessary to sustain a carriage 
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and its load in its position oii the incline, or to prevent it 
from moving buck by its own weight, is equal to the tractioii 
force t, ■which woiild just move the carriage and load on 
a level road. Let h be the perpendicular and b the base of 
a right angle triangle, of which the hypothenuso B C (Fig. 5) 
represents the slope of the 
angle of repose, which some- 
what exceeds the greatest 
admissible gradient. For 
simplicity, the load may be 
supposed to rest on a single 
wheel, shown in the figure. 
In the smaller similar ti-isvii- 
Fis. 5. gle t is the perpendicular, 

p the base, and "W the hypothenuse, in which p = ^^'_^£\ 

From the two similar triangles t : p : : h : b, or - = v-, and 

t j^ jj 

by substitution /rrrr— r; = z. • I^^t v-, being the perpen- 
dicular divided by the base, represents the angle at tlie base, 
or the angle of repose, and this is the maximum admissible 
gradient. Hence the gradient should not exceed the quo- 
tient obtained by dividing the force of traction by the square 
i^oot of the difEerence between the square of the load and the 
square of the traction. Upon good roads t is so very small 
in proportion to AV that it may be omitted in the denomi- 
nator, and we have practically for the angle of repose ^, or 
the force of traction divided by the weight of yohiclo and load. 

C5 
For road No. 4 the formnla becomes /^^(^ — tt^, = -j't 
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nearly, indicatiug that for roads upon which the force 
of traction per ton ia 65 pounds, the grade should bo not 
gi'cater than 1 perpendicular to 3i base ; and generally the 
proper grade for any kind of road, or the ratio of tho verti- 
cal to the horizontal line, will he equal to tho ratio between 
tho force necessary to draw the load and the load itself, 
upon the same road when level. The grade is usually ex- 
pressed in the form of a valgar fraction, having 1 for the 
numerator, and the horizontal distance corresponding to a 
rise of one foot for the denominator. 

In practice tho steepest grades that can be allowed npon 
Macadamized or Telford roads, in the condifion in which 
their road surface is usually maintained, is about ^, it hav- 
ing been determined by experience that a horse can draw 
lip this slope, unless it be a very long one, his ordinaiy load 
for a level road, without the help of a second animal ; also 
that he can attain at a walk, a given height, upon a gradient 
of -^ without more apparent fatigue, and in nearly the 
same time that lie would require to reach the same height 
over a proportionately longer road with a slope so gentle— 
say j'jt — that he could ascend it at a trot. 

It is however more desirable, especially for passenger 
trafBc, to keep the gradients as low as -^j or at the greatest 
-^, as the maximum slope, whether considered as an ascent 
or a iles^iit, so that in the former case the speed need not 
be slower than a trot, while in the latter it will not be neces- 
sary to apply a brake to prevent the load pressing foi-ward 
upon the horses. 

Undulating Grades. 
It is claimed, as having been demonstrated by esperi- 
once, that a road constructed on a dead level, or with a itni- 
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form slope between points upon different leveis — especially 
if the slope bo a long one — is somewhat more fatiguing npou 
the draft of the horse or mule, thiin one with an alterna- 
tion of gentle ascents and descents, of eay yj^j-to-jjs, and 
that a horse can draw as heavy a load at as gi-eat a speed up 
tliese gi-adients, if they are of moderate length, as he can 
upon a perfect level, while in going down he would experi- 
ence a measure of relief, hardly perceptible perhaps at the 
time, but which during several days of continual labor 
would amonnt to a positive benefit. This idea, although it 
has the appearance of great plausibility, is probably a mere 
popular error, unable to withstand the test of intelligent 
investigation. Upon a very long and steep gradient — one 
for instance greatly exceeding the angle of repose, and 
therefore inadmissible upon good roads— it would doubtless 
bo an advantage to have short sections upon which the slope 
would be less than that angle, where halts could be made 
for rest, and the animals be entirely relieved of pressure in 
either direction ; but, upon a well devised road, no engineer 
would be justified in making special provisions for eeeuriug 
a succession of gentle ascents and descents, upon any consid- 
erations connected solely with the question of traction. 
, The proper drainage of a road requires that its side 
ditches sliould have a gentle inclination longitudinally, 
and, in order that the road surface may be kept free from 
standing water without giving it too great a rise in the mid- 
dle, suitable longitudinal slopes should be given to it. For 
this slope English engineers generally adopt -^j-, or 66 feet to 
the mile, and the French Corps of Fonts ct Chaussees 
recommend -jfj, or about 43 feet to the mile. 
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maximum and Muiimum Grades. 

As a rule tberofore the gradients or longitudinal slopes 
of a road slionldbe established between 1 in 30 and 1 in 125. 
It is generally practicable to keep within the niaximnm of 
3*[r, even in locating a line upon, a steep hill-side, by giving 
it a zigzag direction, connecting the straight portions by 

At the carves the gradients should be somewhat rednced, 
and the roadway made wider. The increase in width should 
be about one-fourth, when the angle between the straight 
portions is from 130° to 90", and between one-thiid and onc- 
haif where the angle is from 90° to 60°. In descending a 
hill there is a tendency to overturn the vehicle at the curved 
portions, from the effects of the centrifugal force, and this 
danger is iu proportion to the speed_of the descent, and the 
sharpness of the turn. The radius of the curve should 
therefore be great, never, if practicable less than 100 feet. 
For the same reason, upon all sharp curves, the road sur- 
face should not be the highest in the centre, and falling in 
both directions so as to drain ofE the water, but should he 
the highest on the onter or convex side. 

In long ascents, it is deemed advantageous to make the 
lowest portion comparatively steep, with a corresponding 
redaction in the gradient near the summit, in order that 
the animals may achieve, while fresh, as much of the rise aa 
possible, while the more gentle slopes are left for the last. 

Statical Resistance on Grades. 

Ecturning to Fig. 5 (i-eproduced iu Fig. G), lot ns sup- 
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pose that the horizontal A is of such length that the ver- 
tical rise h=:l foot. AVo then have 
W:BO:;t:l, 
anaW:BC::p;AC, 

from which we get 



"BC 



p="ft' 



,AC 
" BC 



Honeo, the force noting parallel to an inclined road neces- 
sary to sustain a carriage 
and load in a state of rest, is 
equal to the weight of cur- 
riage and load divided hy 
the inclined length corre- 
sponding to a rise of one 
foot. And, the nonnal 
pressure of carriage and load 
Fio. fi. upon an inclined road is 

equal to tlie weight of carriage and load mnltiplied by the 

quotient of the horizontal length dirided by the inclined 

length. 

For example, the force necessary to sustain a carriage 

and load weighing 2500 pounds upon a road with a gradient 
8500 

of 1 in 20 is _ / ^,„ , , = 125 pounds nearly, and the normal 




VW - 



20 



pressure upon the road-surface is 3500 X 



These resnlts are theoretical. They "approximate to prac- 
tical correctness, as the friction on the asles is diminished, 
and the smoothness and hardness of the road is increased. 
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Dynamical Resistances. Sir John Macniell's 
Formulae. 

The following arbitrary formulae have been deduced by 
Sir John Macniell from a number of experiments upon the 
Bcveral descriptions of road named below, with stage-coaches 
and wagons moving at various velocities, and carrying vari- 
ous loads. B=foree required to move the vehicle ; W= 
weight of vehicle ; w=weight of load, all expressed in 
pounds, v=velocity in feet per second, c is a constant, 
depending for its magnitude upon the character of the road- 
surface, which, for the several roads tried, is as follows ; 

On a, timber eurfacB, or on a paved road c^3 

Oe a, well made broken stone road in a dry, clean state c =• 5 

" covered witlidast c = 3 . 

" " " wet and muddy c ^ 10 

On a gravel or Hint rcKid, in a dry, cWan state c™-13 

" " wet and muddy c^33 

For a common stage-wagon the formula is, 

and for a stage-coach. 

For example, the force necessary to move a stage-coach 
weigliing 3400 pounds, loaded with 3000 ponnds, at a speed 
of six feet per second, upon a level, dry, and clean gravel 

^ . 2400 + 2000 , 2000 , . ^,, ^_ ^ 

road, is — ■■ ^~dQ~ +^X^^-^-^ pounds. 

Htr. XiEw's Table of Dynamical Resistances. 

The following table, prepared by curtailing to some ex- 
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tent a table given by Mr, Henry Liiw, C. E., sliowa with an 
approximation to exactness, qnite sufQ.cient to make it very 
valuable, the force required to draw two kinds of loaded 
vehicles, one iveighing witli its load 6 tons at a speed of 3 
miles, and tlie other weighing with its load 3 tons at a speed 
of miles per hour, along a Macadamized road in its usual 
Btate, with gradients varying from 1 in 7 to 1 in 600, Tho 
table also gives the length of level road equivalent to 1 milo 
of the inclined road, of each gradient, " that is the length 
which would require the same mechanical force to be ex- 
pended in drawing a wagon over it, as would be necessary to 
draw it over a milo of the inclined road." 



i 


1 

< 


roniSTlGE--WACONANl> 


C;,™.°Z',Z- 


1 

1* 


i 

1 


H 

is 


h 

Mi 


1 


1^ 

it 


i 


1 

■3 

"1 
1 

J 


1 In 600 

■' 400 
•' 300 


7 38 
8 38 
9 49 


ass 


lbs. 
311 

m 

S19 


1. 035 

i.m 
i.m 

1.170 
1.1S3 




9150 


375 
351 


11)3. 

348 
Ml 


Miles, 

1.033 
1.037 
1.WI 


1 


iles. 
9169 



HnjtcdbyGoOglc 



OADS, STREETS, AND PAVEMENTS. 









PoraSta 


E-WAGOB ABD 


Fob 


ASIA 


OE-COAC 


HAND 






















^ 




ATTHBEEM 


LZ.Pi.«UOU«. 


"" 


TSISHILESPE 


SHOUR. 


^ 


Ig 




1 


J, 


ii 


■g 


- 












-=. 


















S = 
















p 


B 




l| 


ll 


= g 


= g 


II 


it 


s| 


= 1 


1 


i 




if 


2| 






11 


S.S. 

11 


i 


III 


g 






^i 


|2 


|i' 


?| 


K 


|i 


ll 




i 




H 


si 


II 


■ii 




II 


ll 


.? = 




^ 




s 


















" 






'" 


a 




w 


^ 


s. 


a" 


w 








11)B. 


Iba. 


M 


es. 


,111^. 


i^ 


^ 


WllCB. 


Mllos. 


1 


inM 


i S 





53.^ 




2 


19 






493 


aar 


1.371 


.63S3 




^5 


I IS 


S4 


502 






S 


33 






511 


213 


1.413 


.6871 




40 


1 as 


57 


048 






3 


274 






630 


194 


i,46i 
1.530 


.4090 




M 


1 « 


37 


671 






3 


83 
044 






659 
078 


164 
158 
153 


I.E46 

1.580 
1-599 


.4370 
.4191 




30 


1 &4 


37 


TI2 






2 


no 






538 


133 


1.019 


.8803 




SO 


I 53 


31 


727 






2 


53 






tm 


130 


I-fllO 


.35M 




as 


S 2 


5 


7« 






2 


20 






502 


m 


1.603 


.3303 




27 




3 


7S2 






2 


SS3 






filO 


113 


J-633 


.8119 




25 


2 IJ 


a 


781 






J 


60 






630 


z 


1.714 
1,743 


.2354 




21 


2 33 


10 


833 






3 


20 






m 


83 


1,774 


.2257 




31 


2 89 
2 3S 


as 
ai 


817 






3 
3 

S 


z 






z 


» 


i.8ce 

1,93(3 


.1919 
.07.30 




;: 


3 JO 


59 


lOOS 






3 


KG 






T3J 


:■ 


2.032 





HnjtcdbyGoOglc 



DYNAMICAL E ESI STANCES. 









For a STiOE-W*oos amd 


FohaS 


AOE-CoiCl 


1 ABll 






















AT TBBEB BILES rEBUOFB. 


INC *T si:! 


MILES FB. 


""""■ 


^ 


„ 


„ 


„ 


,, 


, 


„ 


_ 














































1 


a 




11 

2~ 


|1 


fMa 


^i 


II 

2-3 


ll 


ii. 


al^ 
























s 

5 

a 


i 










i' 


P 


ll 




;5i 

i 








!bs. 


lbs. 


M 


ks. 


Miles, 


IbB. 


11)6 


Mil.a. 


Miles. 


liDlO 


8 34 


35 


1103 






4 


178 




780 




2.160 




15 


3 48 


61 


1331 










I 






807 
&39 




3,3^ 








■■ 13 


4 33 


B3 


1394 










90S 






873 




3.m 








'■ U 


4 45 


40 


1379 
1480 










611 






918 




3,B40 








" 9 


5 43 


E3 

48 


1600 








I 


067 






1028 
1101 




3.W3 
3.800 









From the foregoing table wo see : 

1. That the force necessary to move a vehicle at a certain 
velocity on a IctcI road must be decreased on a descending 
grade to precisely the same extent that it mnefc be increased 
in ascending the same gi'ade, in order to maintain the same 
velocity. 

3, It must not, however, be inferred from this that the 
animal force expended in passing and repassing on the same 
road, will gain as much in descending the several grades as 
it will lose in ascending them. The animal force must be 
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adequate, either in number or in iiower, for acliicviug tlio 
steepest ascending grades on any route, and no reduction in 
the number of animals will be practicable in the general ease, 
in descending that or the lower grades, or upon the level 
portions of the lino. 
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EARTHWORK, DRAi;^AaE ASD TRAN'SVERSE FORM OP 
COUNTRY EOADS. 

Excavatious and !Embaukments. 

Dl'e regard to economy in the cost of eonstmctiiig a, road 
gcncriilly requires tliafc its location aliall lie such that the 
cuttings shiiU baliiHce tlie fillings, or in other words tliat the 
excavations, at points wliero the ground is Itigher than tlio 
road, shall farnisli tlic eoiitignons embanhMiits at points 
ivhcre the road is higher than the natural enrfaee. Sneh, 
however, is not always the case, it heing cheaper, under some 
circumstaneea, to deposit the excavations in spoUbartks, and 
prociire the earth for embankment from side-cuttings neat by. 

The first location of tiie road upon the map will seldom 
be more than an approximation to the best lino, which must 
finally bo ascertained after successive approximations, for 
each of which a series of new sections must he drawn, and 
new calculations made. The contour lines referred to, of 
which an example is given in Fig. 3, or the parallel cross- 
sections as shown in Pig, 4, will be of great assistance in 
making these computations, and will materially abridge tlio 
labor of locating the lino. 

The "I^ad." 

Prof. Mahan says, "In the calculations of the solid 
contents required in balancing t!ie excavations and embank- 
ments tlio most iiceurato method consists in subdividing the 
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different solids into others oi the most simple geometrical 
forms as pj'isms, prismoids, wedges and pyramids, whose 
BoHdities are readily determined hy the ordinary rules for 
the mensnration of solids," Other methods " consist in 
taking a number of equidistant profiles, and calculating tlie 
solid contents between each pair, either by multiplying tlie 
half sum of their areas by the distance between them, or by 
taking the profile at the middle point between each pair, and 
multiplying its area by the same length as before." In order 
to save labor and insure accuracy, tables for these calcnla- 
tions have been prepared and published. 

Care must be taken in determining the lead, or the aver- 
age distance to which the cuttings must he transported in 
making the fillings, a distimoe uanally assiimed, in each case, 
to be the length of the right line joining the centre of grav- 
ity of the solid of excavation and that of embankment. The 
least possible lead is essential from considerations of econ- 
omy, and this is usually secured when such conditions are 
interposed that tlie paths over which the different portions 
of the solid of excavation are conveyed away to the solid of 
embankment, shall not cross each other either horizontally or 
vertically. 

These conditions require that the sum of the products, 
obtained by multiplying all tlie elementary volumes by tha 
distances over which they are respectively transported, shall 
be a minimum. As the computations involve the employ- 
ment of the higher miitliomaties, they are not inserted 
here. 

Growth of Sxcavated Earth. 

Ifc must be remembered that the diflerent kinds of earth 
do not fill the same volume in artificial embankments tliat 
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they previously occupied in their natural bed. Tlie growth, 
or augmentation in volnmc, of freshly-dug earth, yaries from 
15 to 25 per cent among the various kinds, but where formed 
and compacted into embankments, it settles or. shrinks to 
less than its bulk in the natural bed. This shrinking for 
diilcront earths, is approximately as follows : gravel or sand 
about 8 per cent ; clay about 10 per cent ; loam about 13 
per cent ; loose vegetable surface soil about 15 per cent ; 
puddled clay about 25 per cent. Mr. John C. Trautwinc, 
C. B,, found that 1 cubic yard of hard rock broken into frag- 
ments made 1^ cubic yards of loose heap ; IJ cubic yards 
carelessly piled ; 1^ cubic yards carefully piled ; 1\ cubic 
yards of very carelessly scabbled rubble, or 1\ cubic yards of 
somewhat carefully scabbled rubble. 

Moving Earth. 

In excavating and removing earth, it is first loosened 
with i^icks, spades or plows, and then shoveled into the 
baiTows or carts which eouTey it away. For short haulages, 
say of 90 to 100 feet, the ordinary road-sci-aper holding about 
iV of a cubic yai'd may he advantageously used, when the 
height to which the eai-th has to be raised does not necessi- 
tate ascents steeper than 1 in 5. Tor distances exceeding 
the sphere of scrapers, or where these cannot be advantage- 
ously employed, earth is generally conveyed in wheel-bar- 
rows. The hmiting distance, when one-horse carts should 
replace barrows, will seldom exceed 350 feet for all the various 
kinds of earth. This includes loosening, loading, moving, 
spreading, and the wear and tear of vehicles and tools. It is 
stated that, upon English works, with barrows holding -^ of 
a cubic yard, the limit is 300 feet. 
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Beyond a certain distance two-horse wagons should take 
the place of carts ; and where the lead is IJ to 1^ miles a tenx- 
porary railway and a locomotive engine and dirt-cai-a become 
deeirable. Within the last few years steam excavators, capa- 
ble of digging and loading 100 cubic yards per hour, at a 
cost ot 24 to 3 cents per yard, have been used upon some 
extensive works. 

The cost per cubic yard of loosening, loading, trans- 
porting to different distances, and spreading soils, includ- 
ing repairs to vehicles and tools, is given in the foregoing 
table (condensed from Trautwine), based on man's labor at 
$1.00, horse at 75 cents, and cart at 25 cents per day ; one 
driver to 4 carts. 

Completed Map, and Specifications. 

Having finally adjusted all questions of gradients, exca- 
vations and embankments, and re-esamined the ground, the 
line adopted should be carefully plotted upon the map, 
together with longitudinal and numerous cross-sections, to 
show the cuttings and fillings, as well as the natural surface 
of the ground. 

■Specifications of the several kinds of work, and working 
drawings of bridges, culvei-ts, etc., should also bo prepared. 

Upon the longitudinal section of the road, at points 
taken at equal intervals apart (say 50, 75 or 100 feet) the 
vertical distance of the natural surface above or below tlie 
road surface sliould be marked in feet and inches. 

In order to indicate the grades, the heights of the same 
points above an assumed horizontal line called the datum 
line, should also be marked. These points should be num- 
bered on the drawing. 
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Fixing the Line on the Ground. 

The axis of the road is located on the ground by driving 
stakes to correspond with the several points on the map. 
These stakes are lettered cut, ovjill, with the number of leet 
iidded, to indicate that tho natural snrface at these points 
must be cut down ov filled up tho specified distance, in order 
to attain the position of the road surface. Stakes showing 
the width of the roadway, and the lateral limits of the cut- 
tings and fillings should also be established. 

Earthtvork is a term applied to the movement and dis- 
posal of earth, whether the material handled be common 
earth OL' rock. 

Side Slopes in Cuttings. 

In excavations, the inclination which should be given to 
the side elopes, and the measures, if any, which should be 
adopted for giving stiibility to their surfaces, will be gov- 
erned in a great measure by tho inclination and direction of 
the strata, tho kind of soil, the degree of exposure to tho 
action of springs, and the severity of the seasons. 

On most soils, such as garden loam, and other mixtures 
of clay and sand, compact clay, and compact stony or grav- 
elly soils, tho slopes should be about two base to one (or at 
most one and a half,) perpendicular. In some cases an 
angle of 45°, or 1 on 1, will answer. 

It is always desirable that the roadway should be exposed 
as fully as possible to the action of the wind and sun, in 
order to facilitate the evaporation of moisture from its sur- 
face. Hence, the deeper tho excavation, the more gentle 
should be the side slopes, particularly those on the south 
side in high northern latitudes. When the slopes are 
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esposcd to no other caiises of destraction than the action of 
tho elements — to wind, rain, and fi'ost — it 18 not csac-nEiul 
that any special precautions should he adopted for their 
protection, altliough the expense of maintenance will be 
considerably lessened by sodding them, or by first corering 
them with tliree or fonr inelies of ricli soil and then seeding 
them down, or setting them with plants of some suitable 
vai'icty of grass. 

If tho soil bo infested with springs that might destroy 
the stability of the slopes, and wash them down into tho 
roadway, they should if practicable he tapped near their 
source by digging into the side of tho sJoiie, and tho 
water conveyed hy blind drains or otherwise into the side 
di-ains. After the drain ia constructed the earth is tilled 
in over it and the slope restored to the reqnirod shape. 
1 gs " 8 d ho V OSS E ct o of th c fo ms of d a s, 





eithei of whicli will answer for this purpose, in ordinary 
caseti Fig 7 is constnicted with three fascines, laid lon- 
gitudmillY m the trench excavated to the source of the 
spiing A single fascine of equivalent area in CTOSs-scction, 
01 loose binshwood placed compactly in the trench, maybe 
substituted Fig 8 shows a blind drain of fragments of 
stone 01 loose rubble. In Fig. a clear water way is left 
in tho middle of the drain. In either case the sides and top 
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of the drain should be coTOred with straw, coarse grass, 
small brasliwood, or sods with the grass side next the drain, 
to prevent the latter becoming choked with earth. 

In eases where the entire body of the elope is saturated 
with water aiil the souiees of the 'jprm^s aie unknoisn oi 
tinnot lo reached good driintge m^j ^li eiully bu securLl 
by a 'icucb of blind diims extending a fi,\\ feet into the 
sloiL it its bise or by a single dram constincted of loose 
stoio in till, f im of in intlmel rctuning will pirallol 
with thL foot f tU fcbp IS shoftn m iig 10 bimilii 




precLiutions to tho^e ilreidy menti ntd mii t !e txlvcn in 
tins CISC to prevent the drain bcoomint; choked A be n.3 
(1 porillel tile drains in the body of the slope sis. tj eight 
feet apait, ind f rar to 'six feet below the suiface -nill some 
times secure good drainage in springy soils. The ronnd 
tiles ai'o the best, and the diameter of the bore need not 
exceed one to two inches. They are laid end to end in a 
narrow trench, then covered with straw, hay, or turf to pre- 
vent their choking, and the trench filled up. These drains 
sliould have an inclination of one in eighty to one in one 
hundred, and may all empty into a masonry conduit or 
earthen pipe leading down the slope into the side drains of 
the roadway. Instances may occur where a deep narrow 
trench dug just beyond the crest of tiie side slope, and iilled 
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np with broken stone or pebbles, will cut oil all the springs. 
As such an arrangement will also prevent the surface water 
from higher levels from running over the slope, it may be 
the least costly method of effecting good drainage. Deep 
shafts for collecting the water are sometimes sunk from the 
natural surface above the eresfc of tlic slope, and the wu,ter 
conveyed from them into the side drains of the roadway, 
through pipes or drains laid by tunneling. In deep cut- 
tings iu clayey soils, of such character that water ^'lill 
render them sufficiently plastic to slide down the slope, or 
soils easily cut into gullies by running water, it is well to 
form the slope in benches or hernn, shaped into shallow 
drains called cafcehwater di'ains, to receive the water and 
earth from the higher levels. They should have a slight in- 
clination longitudinally, so as to dischai'ge tlieir water at 
the foot of the elope, or, at suitable intervals, into paved 
ojien di-aina running directly down the face of the slope. 

In soils formed in great part of unctuous clay, or nltei'uate 
layers of clay and sand, there is always a tendency to slides 
during the wet season, or during the spring in high latitudes, 
when the frost is k'a4ing the ground. "Under these circum- 
stances special precautions should be taken for the protection 
of the side slopes, such as (1) cutting off all springs if any 
exist, (3) tui'ning off the water from the higher levels by a 
drain above the crest of the slope, and (3) arrangements 
for convejing off the water which falls upon the slopes, 
cither by carefully constructed catchwater drains, by sod- 
ding the slope, or by a combination of the two. Before top- 
dressing the elope with rich soil, preparatory to sodding or 
seeding down, it should ho cut into horizontal benches or 
steps to guard against slides, as shown on the right in. Fig. 
10. This method may be advantageously applied to thoso 
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kinds of shty rocks which disintegrate rapidly by alternate 
freezing and thawing. (The benches are incorrectly repre- 
sented on the left hand slope in the figure.) 

Altliongh the sides of a cutting through compact rock 
would stand firmly, if left in a vertical position, it is desira- 
ble that they should be sloped to some extent so as to cspose 
the road-surface to the drying influences of the wind and sun. 
Unless prevented by considerations of economy, the slope 
on the side next the equator in high latitudes, should be as 
groat as one base to one perpendicular, while one base to two 
pert>Gndieulars will ordinarily answer on the opposite side. 

When the depth of the excavation exceeds a certain 
limit, generally assumed to he about CO feet, it is in most 
cases cheaper to mnnol than to make a cut. It is however, 
seldom necessary to resort to this expedient, in constructing 
common roads, for which indeed it is peculiarly inappropri- 
ate, on account of excUiding the wind and sun. 

Embankments . 

Embankments should be made suflieientiy fii'm and com- 
pact to resist all tendency to unequal settlement and elides. 
They should therefore possess not only great but miifonn 
solidity, especially if tlioy are high, conditions whidi are 
best seenred by forming them in successive horizontal layers 
well compacted by ramming. As this method is expensive, 
it is usual, from considerations of economy, to carry ont an 
embankment to its full height from the beginning, at the 
same time making the cut, which supplies the eax-th, to its 
full depth. The earth, on being tipped at the end of the 
bank nndcrgoing formation, slides down the slope and finally 
comes to temporary rest, approximately at the angle of 
repose. {See Fig. ! 1 ). 
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As tliL iipiility With wliuli this kind o£ work can bo 
executed depends upon the numbtr of "tipping places" 




affoided by the wkUIi of tlic embankmoiit, it is usual to form 
the latter at first broader at the top, and correspondingly 
narrower at the bottom than the required dimensions, main- 
taining of course the requisite area of cross-section. The 
excess at the top (the angles at A and 0, Fig, 12) is after- 




wards moved down to the bottom thus =!ccuring tlio leq me 1 
width of base and mchpation of side slopes 

Tlie sides of the ombinkment sboult ilways be kept 
eome*vhat highei than the centre line, m oi ki to retain the 
ram fall and consequently hasten the con=oli Ution of the 
mass Foi the same reason when th t ise wdl warrant the 
espLnae of eonstiucting m fuceoasne hoiizonttl Hjers they 



snould 150 madt c l i ii •^hown in Fi" 13 

Tlia-nill ]i,ol uithc Un r ff ilc 
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Embankment Slopes. 

The foot of the slope may be secured by resting it in it 
shallow trench, or by abutting it against a low dry wall of 
etone (Fig. 13), and, in localities where there is an abun- 
dance of stone to be obtained in the proper shape at moder- 
ate cost, the entire slope may sometimes be advantageously 
ifiplacod by a sustaining wall laid up without mortar. In 
cases where the embankments require more earth than the 
necessary excavations afford, a sustaining wall may be cheaper 
even in its first cost, than a slope of earth, while the current 
cost of its maintenance will be small in comparison with 
that of earthwork. 

The inclination of the slopes sliould be less t!mn tlie earth 
will naturally assume, in order to give them greater stabil- 
ity, and they should be protected by sodding or seeding down. 

The Burfiicc water oE the top may be collected by side- 
drains and carried down the slopes at intervals either in 
paved giittera or blind drains. If allowed to shed itself 
over the slope, gnllies would bo forined, and tbe emliank- 
mont eventually destroyed. 

When extensive excavations haie to be made through 
rock, and stone for embankment purposes is therefore plenty 
and cheap, the entire face of the slope may be roughly paved 
or covered with stone, at moderate cost, rendering all other 
pi'ccantions for its preservation unnccossar)'. Fragments of 
various sizes and shapes, from one to two feet in length, may 
bo used for this pni-pose. They sbonld be placed generally 
with the longest edges down, their faces at right angles to 
the slope and parallel with the a.xi8 of the road. It is not 
UEUui to protect the slopes of emhankments io this careful 
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manner, but they should uevcr bo required to caiTy off the 
eurface wiiter of the roadway. 

HUl-Side Roads. 

A roadway located upon a hill-sidc is usually formed half 
in excavation, and half in embankment, allowance being 
made for the shrinkage of the latter. To guard against 
slides, the natural surface should bo prepared to receive the 
embankment, by cutting it into benches as in Fig, 14. The 



Pio. u. 
foot of the slope should abut against a low dry stone wall 
below the reach of frost. At tlie crest of the slope in exca- 
vation, an open trench should be formed to intercept and 
convey away the surface water from the higher ground. 

Upon etcGp hill-sides, the side slopes of excavation and 
of embankment must both be replaced by sustaining walls. 
Dry walls will usually answer for these purposes, if the stone 
Ciin be procured of suitable sizes. (Kg. 15.) 

H the bill-side upon which the road is located be a rocky 
ledge of less inclination than one perpendicular' to one base, 
the same method of construction by making the excavations 
supply the embankments may he followed. The enrockment 
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filling ill this easu 'will occupy a greater volume than tlie cut- 
ting from which it is taken. 




"When the natural slope of the ledge is very steep, as for 
example when it is steeper than one hase to one and a half 
perpendicular, the whole roadway may ho formed in excava- 
tion, or, as shown in Fig. 16, hy cutting the face of the ledge 
into two or more iorizontal steps with vertical faces, and 
building up the embankment in the form of a solid stone wall, 
in horizontal courses, either with or ivithout mortar. In tlie 
ligurc the lower step, on which the wall rests, may sometimes 
be advantageously replaced by two smaller steps, a, c, and 
i, b. On account of the great comparative cost of excava- 
tions in rock, estimates for work of this character should 
always he based upon numerous and careful sections. All 
attempts to lessen the quantity of excavation by increasing 
the number and diminishing the width of the steps, require 
additional precautions against settlement in the built-up 
portion of the roadway. 
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Fio, 10. * 

Roads over Marshes and Swamps. 

If the road rims Ihi'ougli a swamp or marsh resting upoa 
a firiu anbstratum, the soft material should be removed 
ivlieii its depth docs not oxoeed two or three feet, and the 
road cmbaukment formed directly upon the hard soil. A 
wide and deep open ditch should be out in the marsh on 
each side of the road, to receive the Burfaec drainage and cut 
off the water from the adjacent marsh. 

Roads over deep marshes must be constructed upon a 
different plan. A system of thorough deep drainage being 
essential, the metliod usually followed is to cut a deep and 
wide ditch on each side, leaving between each ditch and the 
road covering an unoccupied strip or berm several feet in 
width. Cross drains should connect the two main drains at 
frequent intervals, to drain the soil under tlie roadway. 
These cross drains are formcil hv dl^girg trenches a littlo 
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deeper tliim tlio lowest water level in the sitlc ditches, aiul 
filling them with fragments of stone. If water permanently 
stands in the main drains, the cross drains may be filled 
below the water level with brushwood or fascines. On tlio 
foundation thus formed the roadway may be constrncted. 

In deep marshy soils having a spongy subsoil, it is some- 
times necessary to form an artificial bed for the road cover- 
ing. In some eases of rather firm marsh, it is sufficient to 
remove the soft top-soil to a depth of three or four feet, and 
Biibstitiite for it sand, gravel, or otlier compact material that 
win not retain water. Upon this bed the road covering is 
placed. In othci-s a bed formed of fascines has been nsed 
with success. Fascines are made by binding together, by 
wires or withes, in cylindrical bundles nine to ten inches in 
diameter and ten to twenty feet long, slender branches of 
underwood. A layer of fascines, placed across the road, 
side by side, is first laid down. A second layer at right 
angles to these follows, and if necessary a third transverse 
layer, and so on until the required height of road bod is 
attained. Stout stakes or pickets are driven thi-ongb the 
entire thickness of fascines to keep them firmly in place, or, 
the withes may be cut after each layer is in position, so as 
to allow the brushwood to assume the form of a layer of 
uniform compactness. The top layer should be placed 
transversely to the line of the road. Having prepared the 
foundation in this manner the road covering is placed upon 
it in the usual way. If deemed necessary, cross blind-drains 
leading to the side ditches, may be introduced under the bod 
of fascines in order to secure deeper Kub-dfainage. 

Roads over Tidal Marshes. 

Eoads coiistrnctod over marshes which arc subject to 
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daily overflow from the tides, mij be effei-tn ly di 

down to the level of ordinary low 

water, by a, very eimple system of 

Bluiee-gntes. The ordinaiy caso is 

where the road crosses a tidal streim 

and then traverses the marsh border 

jog thereon. Under such eircum 

Btances, tho eai'th excavated in cut 

ting the two parallel side ditcht 

should be formed into a dike or lei tc 

on the outer side of each ditch an! 

high enough to exclude high wate 

The ends of these dikes should b 

connoefced, along tho margin of tlie 

stream where the road joins the bridg 

by a dike of the eame height, th la 

sun'ouuding tho roadway and ail 

ditches with a continuous impervit i 

bank of earth, rising above high 

water level. 

Pipes of wood or iron, provid 1 
with valves on the outer end oi>t'n 
ing outward, are then inserted, at tin, 
level of low tide, through the dil e 
which separates the ends of the sidt 
ditohes from the tidal stream. The 
water flows out through these pipes 
whenever the tide level outside is 
below the water level in the ditches 
When the reverse ensues tho gates 
are closed by the external pressure j^; 
of the watci', and all inward flow 
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prevented. Uenco the water in tlie ditches i-cmains at 
the level of low tide, and the surface of the road should 
be established at such height above that level that it 
will always ho firm and solid. Whatever level may he 
jidopted for tho roadway across the marsh, it must on 
approaching the stream rise to tho top of the dike to prevent 
overSow from tho stream at that point. This point is illus- 
trated in Fig. 17, which is a longitudinal section through 
tlie sluice-pipe. Tiie road is built a little higher than the 
natural sarfaee, and ascends to tho crest of tlie dike, near 
the stream. The bridge across the stream in continuation 
of the road is not shown. 

This method of drainage has been very successfully 
applied in reclaiming the " Jersey Flats " between the cities 
of Newark and Jersey City, New Jersey, a large tract of 
marsh land witii its natural surface not higher than the 
level of ordinary high tide, and in large part some inches 
below that level. These Flats were formerly subject to 
twice daily overflow, from the Passaic and Haekensack 
rivers, in which tlie mean rise and fall of the tide is about 
4 feet. The tract was euiTounded by a dike or levee formed 
along the margin of the stream, of tho material excavated 
from a wide open ditch parallel to itonthe inside. Numor- 
OQS broad cross ditches, dividing the marsh into paralleio- 
grama, lead into this main ditch. The sluices are located 
at suitable internals so as to drain from the main ditch into 
both the Haekensack and tlie Passaic rivers. Tho pipes 
arc usually placed in pairs, and are of various sizes, in only 
a few instances exceeding two feet in interior diameter. It 
has been found that a difference of one inch in the inside 
imd outside water level, v/ill open or dose the sluice-gates. 
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By this means a noxious swamp lias been converted into 
arable and thrifty land. It is sufficient- ^ 

ly firm to support a roadway upon 
its surface, without any epccial pre- 
cautions ill prepanng the road bed- 
When the embaniinient requires 
more earth than the excavation can 
supply, the deficiency is made up from 
side-cuilings, made in some convenient 
locality near by. On the other hand 
when the embankments do not con- 
sume all the earth furnished by the 
excavations, the excess is deposited in 
spoil-baiihs, usually located on a some- 
what lower level than the road sur- 
face, care being taken to provide for ? 
the drainage in such a manner as to " 
prevent the formation of pools of water 
that might affect the stability of tlie 
side slopes of the excavations. 

Side Drains. 

It is essential to the proper condi- 
tion of a road, that the surface water 
of the soil adjacent thereto shall be 
cut off by suitable open side drains, so 
that it can not filter under the road- 
way, and render the subsoil soft, 
spongy, and incapable of sustaining 
the weight upon it. Otherwise the road 
covering won hi fiuk into fhe soft earth bene tl 
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bo irofinently renewed. In flat and level countries, the side 
drains {Fig. 18), should be at least two and a half to three feet 
lower than the bottom of the road covering, and, to prevent 
accidents to vehicles, they should bo placed on the field side 
of the fences or hedges, when passing throngh sections of 
country where such barriers are necessary, as they usually 
are in agricultural districts. It would ho better for the road- 
way, to place the side ditches between the road and the 
fences, thus widening the space between the lattei-, and in- 




creasing the degree of exposure of the road surface to the 
action of the wind and sun ; and this method should be fol- 
lowed whenever admissible. A lino of hedge or shade trees 
on each side of the road, exerts a very damaging effect upon 
its condition, and adds greatly to the cost of its proper 
maintenance. High walls and hedges ai-e more objectiona- 
ble than open post-and-rail or rail fences. 

Upon tliOBO portions of the road in excavations, unless it 
be through rock, open side ditches arc inadmissible, as they 
would soon be filled up by the earth washed down from the 
side slopes. Covered side drains are necessary. They may 
be constructed as shown in Fig. 19, with a flooring of con- 
crete, flagging stones, or brick, with side walls of tlie same 
material, and eovci-ed with flagging stones or wit); f ricks, or 
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stones corbeled' out to meet above the centre of tlie (iraiu. 
The roof should be laid with open joints, and then covered 
with a layer of straw, hay, or fine brushwood, upon whieii 
a fiUing of fragments of stone, bricks, or coarse gravel and 
pebbles is laid, bo as to allow the water to filter froely 
through, witiioiit caiTyiiig sediment with it. 

Cross Drains. 

Besides tlie covered side drains in cnttings, cross drains 
are usually deemed necessary to keep the road bed dry. 
Their depth should be 30 to 24 inches below tho road cover- 
ing. They should have an inclination on the bottom, from 
the axis of the road to the side drains, of not less than 1 in 
100 nor greater than 1 in 30. Wlien the road is level thoy 
may run straight across. "VVlien otherwise, their plan 
assumes Iho form of a broad letter V, witlx the point in the 
centre of tho road directed toward the ascent. From this, 
their usual form, they are termed cross-mitre drains. Their 
distances apart will depend upon the nature of the soil, and 
the kind of road covering used. In some cases, it should not 
exceed 18 to 30 feet, in others it may be much gi'eater. 
They are constructed by digging trenches across the road 
bed, after the surface has been prepared for the reception of 
the road covering, and then filling tho trench with broken 
stone or pebbles, leaving a smal] open water-way at the bot^ 
torn, so constructed that it will not become choked with 
earth. Bricks may bo used for this purpose in a variety of 
ways as sliown in Figs. 20, 21, 22 and 23. Flat stones may 
be used as shown in Fig. 9, page 41. 

The area of tlie water-way of Fig, 20, is unnecessarily 
large, for most cases tliat will occur in practice, being IC 
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square inches. The bottom of the road material rests on tlie 
line AB. Small drains placed close together will drain the 




road bed much more efficiently than larger ones of the same 
aggregate water-way placed farthei apait A wat«r-way of 
2.5 to 4 inches sectional area, such as maj be obtained with 





three lines of ■nhol ticks ilacelc d to end as in Fig 23, 
will generally be in j le Tl c fall 1 nes si ow one method of 




arranging the 1 r h, a d tl c d tell nca nother. By split- 
ting one-third of the bricks into halves longitndinally, they 



HnjtcdbyGoOglc 



may be placed as in Pig. 23, or more economically still as in- 
Fig. 21, by ajditting one-fifth of them. 

The Trater-way may be formed of drain tiles of 1^ to 2 
inches interior diameter. Indeed, the ordiiiaiy method of 
tile-drainage for agricultural purposes will answer excellently 
for the Bub-drainage of roads, and it will seldom be neces- 
sary to use tiles of lai-ger bore than 1^ to 3 inches. With a 
fall of 1 foot in 100, a 1^ inch tile will discharge nearly 
13,000 gallons of water, and a 2 inch tilo nearly 22,890 gal- 
lone in 34 honra. The tiles are placed in contact, end to 
end, in a trench cut very narrow at the bottom, cai'c being 
taken to giye each piece a firm bed, and to arrange the axes 
in a continnons line, so as not to diminish the water-way by 
jogs at the joints. The bricks, stones or tiles used to form 
the water-way, shonM be covered over with a layer of hay, 
straw, tan-bark, turf, or other siiitable material, to prevent 
earth from entering the drain ; the trench is then lilled n}i 
with the earth excavated from it. 

Cost of Stone, Brick and Tile Drains. 

Tilos ai-o generally a little more than one foot in leiigtli, 
so that making a fair allowance for breakage and imperfect 
pieces 1000 tiles may be relied upon to lay 1000 feet 
of drain. Two-inch tiles can be manufajstured at profit in 
ordinary times for ®11.00 to $11.50 per thousand, and bricks 
for $6.50 to J'i'.OO per thousand. We will estimate the tiles 
at $14.00 and the bricks at $8.00 delivered and distributed 
along the road. A cross drain under a road 30 feet wide, 
with one foot-path, page 60, will be about 45 feet long. The 
tilos will cost $0.63 for each cross drain, the brick $1,35 for 
the small triangular drain, Fig. 31 ; $1.63 for the triangu- 
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lar drain Fig. 22, or tlie small square drain, Fig. 23, and $3.34 
for tko largo square drain. Fig, 20. The Jabor will bo nearly 
proportional to the amount of excavation, and will therefore 
be the least for the tile drain, so that it is within limits to 
estimate the cost of the latter in labor and material, at con- 
siderably less than one-half that of the former. If the cross 
drains have their discharge three inches above the bottom 
of tlie side ditches, with a fall from the ceatrc of the 
roadway each way of three inches — equal to 1 in 90 — ■ 
their average depth below the road surface will be about 
three feet, and the average depth of excavation below the 
Bubgrade prepared for the reception of the road materials 
will be a little over two feet, inclusive of the greater depth 
under tlio foot-path, 'I'ho following estimates of the cost 
per rod of these several kinds of drains, is believed to be 
fair, with labor at $1.75 per day, in stifE clay soils ; 





""ukr^" 


^? 


Brick drain. 


Brick dr«in. 
^iii. .J-in. 
Fig- SO. 


Catting acd filling 


$ cts, 
.25 
.23 


$ cts. 
.00 
.55 


S els. 
. 30 
.501 


. 35 
1.188 


Cost of tiles, or Mcks 
Total cost per rod... 


.48 


.85 


.894 


1.538 



The trenches for stone drains must be excavated to a 
width of at least 31 inches on the bottom. They may be 
cut witii vertical sides. At least one-half of the eai'th must 
bo haiiled away to make room for the stone, so that there 
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will bo more than one cubic yard of eartli to be carried away 
and a like amount of stone collected and brought to the 
i-oad for every rod of drain. If stones of the right kind arc 
near at hand it wovild not cost more than 35 cents per cubic 
yard to collect them, while twice that amount would not bo 
excessive if thoy have to be brought from a distance or dug 
from a bank or pit. Assuming that the stones can bo col- 
lected within a quarter of a mile of the road, the following 
estimate is submitted as a near approximation ; 

Cost of Stone Drains per lineal rod. 

Cutting trench and bauling away tlio surplus earlii 50 cents. 

Collecting andhaaling- 1 cubic yard ot stone 35 " 

Laying tlie stone and filling in 25 " 

Total per lineal rod $1.00 

A standard work on Farm Drainage (Henry E. Prench) 
estimates that with tiles at $10.00 per M,^l cent per foot — 
and labor at $1.00 per day, the cost of a tile drain 4 feet 
deep will be for cutting and filling 33^ cents, and for the 
tiles IGf cents, or a total of 50 cents per rod. At the same 
price for labor, the cost of a stone drain is set down at 
$1.25 per rod, viz., for cutting and filling trench 31 inches 
wide 50 cents, for hauling stone 50 cents, and for laying the 
same 25 cents. And the conclusion is that " drainage with 
tiles will generally cost less than one-half the expense of 
drainage with stones, and be incomparably more satisfactory 
in the end." 

As tile drains are more liable to injury from frost than 
those of either bricks or stones, their ends at the side 
ditches should not, in very cold elimatea, be exposed directly 
to the weather, but may terminate in blind drains, reaching 
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uiiIli Uie i3id a distincc of about 3 to 4 feet from tlio 

V inner elope of the difceh. 
Another method of draining tho road-bed, 
jlfeiing security from frost, is by one or moro 
longitndiml diains, discharging into cross-drains 
pliGcdfiom ^oOto 300 feet apai't, moi-e or less, 
depending on the contour of tho ground. With 
1 ro id^v aj and foot patli 45 feet mde at the level 
of the bottom of the side ditches, two such drains 
of H to 3 inch tiles will be required in most 
kmds of clajey «oils. They ehonld be placed at 
et^uil distances from the eide ditches and from 
eich othci, and tiiII therefore be 15 feet apart. 
Their depth below the surface should be not 
less than 3 to 3J feet, and the cross-drains into 
which thc\ discharge should ho of ample di- 
mensions 

All loads upon clayey soils in flat level conn- 
tiaa sJiould be amply provided with drains 
under the luid covering, Tor deep, marshy, 
SJils, as lire idy mentioned, they are indis- 
pe livable 

Surface Drainage. 

The diainige of the road-surface is provided 
In b> nidkmg it i few inches higher in the cen- 
tiu ihan it the sides, sloping it gently in both 
directions to the side gutter, and is also greatly 
facilitated by giving the surface an inclination 
longitudinally not greater than 1 in 34 nor less 
t'lan 1 in 1S5. A scries of gentle undulations may ho 
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established, even in a porfcctlj level country, ivJtl)Ont adding 
materially to the cost of constnnction. 

If there ai-e no sidewalks tho surfiico drainage is dis- 
charged directly into tho side ditches. "When there ai'o 
sidewalks tlie drainage is into tho side gutters, from which 
it must be carried into the side-ditches by small covered 
drains of stone br'ck or t'l see F'g ''5 and dotted lines. 
Fig. 18, or c n luet 1 bv ve tical 1 ifts into tho cross- 
drains, if tl li m tl od of d i ung tl e rjad-bod has been 




adopted. Tl t,e -vert il dr ns {F g 24) are covered at 
top by a grating to aiTest coarse eai'th, leaves, etc, and may 
have beneath them a small vanlt lined with masonry, termed 
a silt basin, to collect the fine sediment which flows in from 
the roadway, which should be removed from time to time 
and restored to tho road surface. 

The covered side-drains (Fig 19) may if desirable, be 
conBtmcted with a roof of concrete or of brick or stone laid 
in mortar, in which case the filling of broken stone, gravel, 
etc., above, for filtering purposes, would be omitted, and 
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arrangements maile for conducting the water into tho drain 
through vertical shafts placed at suitable intervals. These 
vertical openings should be placed over silt-basins, and be 
large enough to admit a boy, so that the sediment can be 
removed as often as necessary. (Fig. 25.) This method of 
eonstructiou is much used in cities and towns, but not on 
countiy roads. 

Culverts. 

Besides the side gutters, side drains, cross drains, and small 
drains already mentioned, which are intended more espe- 
cially to carry off the water falling upon the roadway, and 
upon the side slopes in cuttings, and to keep the road bed 
and subsoil dry in flat countries where the soil is clayey or 
marshy, other drains called culverts are reqnired for carry- 
ing under the roadway the stream intersected by it, and 
gencraHy for convoying away into the natural water-courses 
the water collected by the side gutters and ditches on the 
upper side of the road. 

The dimensions of the water-way of culverts should be 
proportioned to the greatest volume of water whicii they 
may ever be required to cany off, and should in all cases bo 
large enough to allow a boy to enter for the purpose of clean- 
ing them out. Eighteen inches square, or if ciraular, twenty 
inches in diameter, will suffice for this pui-pose, Tliey 
should have an inclination on the bottom of not less than one 
in one hundred and twenty, nor greater than one in thirty. 
Smail culverts may be constructed of the same cross-section, 
and in snbstantially the same manner as tlie covered side 
drains, Fig. 19, with the exception that no arrangement need 
be made for receiving the water from above through a filter 
of stoiio Ii'agmcuts or gravel. The sides and roof may 
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therefore be laid in mortal', and tlie floor liitd better be in 
the form of an inverted arch. 

In localities where stone and brick are expensive, smii]l 
culverts may be constructed of four slabs or planks (Fig, 2G) 
forming a long box open at both ends. To prevent the side 
pieces from being forced together by the pressure of the sur- 
rounding earth, they should rest against small blocks of 
wood nailed at intervals into triangular notches cut on the 
inner faces of the top and bottom pieces, or the edges of the 
side pieces may be inserted into longi- 
tudinal grooves cut in the top and bot- 
tom pieces. 

It will be found advantageous to use 
hydraulic concrete for culverts, especially 
for those of large dimensions, unless bricks 
can be procured at a low cost, or stone in 
suitable form is plenty in tlie neighbor- 
hood. Most localities will furnish sand, 
coai-se gi'avel and pebbles. With these and 
a liberal addition -ot common lime to the 
hydraulic cement, a concrete suitable for f'^. as. 

work of this description can bo prepared at moderate 
cost. The following proportions will answer : 

1 measure of Rosendale, (or any equivalent) cement. 

1 measure of slaked lime in powder. 

4 to 4^ measures of clean shai-p sand. 

9 to 10 measures of pebbles, small fragments of stone or 
brick, oyster shells, or a mixture of them all. 

"When Portland cement of standard quality is used, the 
proportions may ho : 

1 barrel PorLland cement, as packed for market. 
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1 baiTcl common lime, prodviclng 2^ to 2| barrels slaked 
lime powder, 

9 to 10 barrels sand. 

15 to 17 barrels of tlie coarse materials. 

It must be bonio in mind that the addition of common 
lime weakens, and also retai'ds the induration of the con- 
crete. The quantity added must, therefore, be governed by 
the importance of the work, and the length of time it will 
have to harden before being subjected to heavy weight or 



A form of cross-section for culverts, which admits a min- 




imum thickness in the concrete floor and sides is shown in 
Kg, 27. In constructing a culvert of this form, n trench, 
concave at bottom, is first excavated to the width of the biiso 
tt c, and the concrete floor, four to five inches in thickness, is 
formed thereon in one layer. Upon the floor cross pieces are 
placed at intervals of a few feet, to support the two detached 
segments of centering for tho aides, which should rest upon 
wedges, to facilitate their removal for fiirtlier use. The 
centering may be made in lengths of from twelve to twenty 
feet, and of such weight that three or four men can casilv 
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liandle them. Convexity is given to the cxtenor BHilitcos by 
ii raovabiG form, made by nailing narrow strips of boards to 
cross pieces cut to the required concavity. Ifc is kept in 
place by wooden braces nailed to stiikea driven into tlio side 
slopes of the trench. For a culvert of twenty-four inches 
interior width at the base, arcbed as in Fig. 27, with circular 
segments whose centres are in the vertices of the opposite 
angles, the sides need not exceed five to six inches in thick- 
ness, in case of ordinary depth. 

For culverts with a gentle inclination on the bottom, the 
concrete floor may generally be safely replaced by a layer 
three to four inches in thickness 
of bioken stone oi ptbbks of 
half in inch to two inchct, in 
diameter giouted ivith hj 
draulic cenunt to keep them 
inplice and protect the founds 
tion from nndci mining For 
tbesimereasfn the f onn tations 
should be started lonei than 
when the bottom of the water F'q ^s. 

wayis well pa\el or nhen foimod of % monolith of concrete 
in the mannei last desciibed Foi the dischaige of laige 
Tolumcs of water the mi&oniv must be propoitionally mass- 
ive, but may still be mide of concrete which may be con- 
siderably cheapened by embeldmg in it isthe^ork pro- 
gressei fiagmentis of rot,k of lanons shipea and sinca. A 
section of such a noik is fhonn it Fig 38 

Tlie ends of culverts passing through embankments 
should be protected against the undermining action of the 
water. Tliis may be done by a slicet piling of flagging- 
stones or stout ]ihinks, sunk well into tlio soil, or, by an 
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upron oi rip-rap stone, or a good pavement, eo as to prevent 
all percolation of water under or iit the sides of tlio culvert. 
The length of the covered portion of a cnlvert is eqnal to 
the distance through the embankment, on a line with the 
crown of the arch or roof, and it should ho extended ont and 
finished at each end by two wing walla spread ont in fan 
shape, and finished on top in steps, by conrees or in » sur- 
face parallel witli the side slope, but rising a few inches 
above it, to prevent the earth washing over. 

In order to give greater stability to the wing walls, and 
increase the power to resist the pressnre of the earth behind 
tliem, their plan may be that of an arc, with either the con- 
vexity or concavity to the front, the object being simply to 
increase tlic moments of inertia without materially increas- 
ing the amount of masonry in the wall. One end of the 
culvert given in transverse section in Fig. 28, is shown with 
wing walls in longitudinal vertical section and elevation in 
Fig. 29, and in horizontal section and plan in Fig. 30. 

Width and Transverse Form of Roads. 

The determination of the width and ti-ansvcrse foi'm 
of a countiy road presents questions of great import- 
ance. Some engineers recommend narrow roads, on the 
erroneous presumption that the cost of maintenance, like that 
of constmction, varies directly or nearly so with the area of 
the road surface, while in point of fact, unless in special and 
extreme eases, it varies with the amount of traffic upon it, 
increasing, however, more rapidly than the traffic. It may 
bo assumed that the quantity of material required to repair 
a road is about the same, for the same amount of traffic, 
whctlior the road bt; twciity-five feet or thirty feet in widtli. 
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a.tlioagh there is a email saving in tlio labor of spreading it, 
in favor of the narrow road. A naiTOW road is icsa exposed 




to the drying action of the wind nnil Fun tliau a wide one, 
and also ref;;iircs more constant supervision and more frc- 
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qiicnt repaii-, in consequence of the tvaffic being more closely- 
restricted to one track. 

A width of 37 to 30 feet, prepared for vehicles, will he 
ample for t!ie principal thoronghfare between cities and 
large towns, which shonld he increased, within or near the 
cities, to 40, 50, or even to 60 feet, wliere the amount of 
traffic is large, and there is a great deal of light travel and 
pleasure driving. 

'For cross, braneli, and ordinary town and country roads, 
the width of the portion bedded with stone may usually be 
reduced to from 16^ to 17 feet, which will amply suffice for 
two carriages of the widest usual size to pass each other upon 
the road-covering withont danger of collision. In speeia' 
eases of piivate roads where the hiilb of heavy traffic is all in 
one direction, the width of covering may be restricted to 
S or feet, or (vliiifc is sufficient for one carriage, tlie loaded 
veliieles having the right of way, and requiring those travel 
ing light to turn out npon the sides. 

Side-walks for foot passengers are nsually omitted m new 
or thinly settled countries, although always desirable, if for 
no other reason than the protection they afford against up- 
setting into the side ditches during the night, in localities 
where there are no fences, or where tlie ditches are between 
the feiices and roadway. 

At leiist one paved or otherwise properly covered side- 
walk is necessary near towns and villages. When the 
natural soil is composed principally of sand and gravel it 
may form the surface of the side-walk, whicli should bo 
established at ahont the height of the centre of tlie roadway. 
Ill heavy clayey or loamy soils an excavation to the dcptli of 
five or six iiiclios should be made to the proper width uf tlic 
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foot-path, and filled in with coarse saod or gi'avel, or with a 
layer of well-coinpiicted broken stone topped ofE with one to 
two inches of gravel. The inner edge of the side-walk shonld 
be protected against tlie wash of the side-gutters by a facing 
of sods or dry stone. 

In cities the side-walks are paved, and the surface slopes 
toward the street at the rate of not less than one inch in ten 
feet, in order to secure the prompt discharge of the surfaec 
water into the side-gutters, and the edge next the gutters ia 
faced with slabs of stone called curb-stones set on edge, with 
their top edges flush with the side-walk pavement, and their 
lower edge six to eight inches below the bottom of the gutter. 
(The construction of side-walks will be described here- 
after). 

In France, four classes of roads are prescribed as fol- 
lows : Firsts 66 feet wide of which 33 feet in the middle ai'c 
paved or stoned. Second, 53 feet wide of which 30 feet ai« 
stoned. Third, 33 wide of which 10 feet in the middle are 
stoned ; and fotirlA, a width of 20 feet of which 16 feet in the 
middle are stoned. 

Telford's HoUyhead road, which runs through a hilly 
country, is 32 feet wide between the fences on flat ground, 28 
feet on side cuttings not exceeding throe feet deep, and 22 
feet along steep and precipitous ground. 

The Cumberland or National road in the United States 
has a prescribed width of 80 feet, but the prepared road- 
way is only 30 feet wide. 

The Eoman Military roads were narrow, being only 13 

feet wide on the straight portions, and 16 feet upon curves. 

Wide roads are sometimes finished with a road-eovei- 

iug in the middle only, of just sufficient width for the vcli' 
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cles io pass each other upon it. while the sides are main- 
tained as dlrl roads, for light nnd fast travel during the sea- 
eon when the soil is comparatively dry and firm. Tlie objce- 
tion to this method is that during the wet season the road- 
covering is injured by the large quantity of mud conveyed to 
it from the sides. 

Opinions differ as to Tivliethor that portion of the carriage 
way to be finished and maintained as a dirt road, should be 
at the sides or in the middle. Heavy loads are apt to seek the 
Eidos, in order that the driver may walk upon the foot path, 
wLieh favors metaling the wings rather than the middle. 

It has been mentioned that the drainage of the road 
should be provided for by making it higher in the middle, 
and also by sloping it longitudinally. Engineers differ as to 
the most advantageous form of cross-section, some recom- 
mending a convex curve approaching to a segment of a cir- 
cle, or a semi-ellipse, while others prefer two planes gently 
sloping toward the side-gutters, and meeting in the middle 
of the road by a sbort connecting convex surfaee. TJie lat- 
ter method seems to carry the weight of testimony, the 
obvious objeetions to the convex road being that the water 
will stand in the middle of the road unless earned off by 
longitudinal slopes ; that carriages will keep in or near the 
middle, and cause excessive wear along one line, in order to 
run on a level and avoid the tendency to overturn near the 
side-gutters ; and that when travel is forced to take the sider, 
the labor of the horses and the wear of the wheels and of 
the road covering are greatly increased, in consequence of the 
oblique action of the weight, and the tendency of the vehi- 
cle to slide upon tlie road surface- 
It is recommended therefore that the cross-section of ll;o 
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road surface be formed of two straight jneliiied lines con- 
neetfid at tbo centre by an arc of a circle about five feet long, 
drawn to a radius of from 85 to 90 feet. The highest point 
of the arc Ehould be in tbe middle of the carriage way. The 
degree of inclination toward tbo aides may bo at tbo rate 
of 1 in 20 for rough roads, 1 in 30 for ordinary well-main- 
tained grayel or broken atone roads, as in Fig. 18, and X in 
40 or 50 for good paved roads. The drainage of the surface 
should, when practicable, be furtber facilitated by giving it 
an inclination longitudinally of not less than 1 in 125. In 
a level country this may be done at a trifling cost by a 
series of short gentle undulations. 

Catch'n-aters. 
Upon a long stretch of continuously descending road, 
calchwaters should be placed at intervals. They are also 
necessary at the deprGssions where an ascending and descend- 
ing grade meet, their province being to collect tbe water 
which rnns down tbe surface of the road longitudinally, and 
convey it into the side-drains, thereby preventing the forma- 
tion of furrows and gullies in the road surface. They are 
broad eballow paved ditches constructed across the road, and 
so formed that vehicles can pass over them witliont sustain- 
ing a severe shock. They may slope toward one of the side 
ditches only, or incline each way from the centre toward 
both, and, if located in a depression, will be placed at right 
angles to the line of the road. When placed upon a grade 
they should cross the roadway diagonally, in a straight line, 
when their discharge is on one side only, and if on both, 
their plan should be that of a broad letter V, with the angle 
pointing towai-d tbe ascent, so that they will arrest and 
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divide tlie surface water aud convey it to tlae two side 
ditches. 

The catcliwaters may liave a descent of from 1 in 30 to 
1 in 40, and, as tJieir cross-section should be as nearly uni- 
form as possible, the direction to be given to them in relation 
to the axis of the road will be governed by the steepness of 
the grade upon which they are placed, and the transverse 
form of the road surface. They should never be so located 
that one rear wheel and one forward wheel, on opposite sides 
of a vehicle, will enter them at the same time. 

A mound of eartli erected across the road, either in a 
straight line, or in a V shape pointing up the ascent, is a 
cheap substitute for a catchwater drain, and wili answer 
very well if so proportioned that vehicles can pass it without 
inconvenience and with very little shock. 

The pavement of catehwaters should extend to the point 
where the surface water is received — by the side-ditches 
or otherwise — to be conveyed away to the natural water- 
courses. 

Tools and Implements. 

Tlie most neeassavj small tools and implements used in 
the construction and repair of roads are hammers for break- 
ing stone, forks for handling it, levels for adjusting the 
transverse form of tlie surface, and shovels and picks for 
general use. 

Tlie stone Jiammers are made of iron or eteel, with 
wooden liandles, and are of two sizes, one to bo used sittina; 
and the other in a standing posture. The first has a head 5 J 
to inches long, weighing about 1 pound, fixed to a handle 
18 inches long. The other hammer head weighs 3 pounds and 
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may ho 7 iueliea loug, and has a handle about 3J- fccL long. 
See Fig. 31. 

The fork (Fig. 32) used in taking up tho stones from 
the pile to load them into harrows or carts, or spread them 
upon the road, ia made with ten or eleven stout steel prongs 
each 13 to 14 inches in length, set with their points II- to 



-3^i- 



1 j inches apart. The whole length of the fork inclusive of 
handle should be about i feet 8 inches. Broken stone can he 
tiiken up with greater case and rapidity with a fork than 
with any kind of eliovel, leaving the detritus and earthy 
matter behind. 

The pick is the one in common use, consisting of a bent 




iron head tipped with steel at both ends and weighing about 
10 pounds, set to an ash handle about 2^ feet long. One tip 
in fashion like an adz, and the other into a blnnt point. 

The ordinary pointed shovel, with a concave blade and a 
bent wooden handle, is the most useful kind for road pur- 
poses. 
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irig the straight edge horizontal by tho plummet, the lowef 
ends of tho several gauges — previously adjusted and Used to 
the required transverse slope — will indicate five points of tiic 
required road surfiieo, tho outer point being the bottom of 
tho side gutter. 
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ROAD COVEKINQS. 



Road Coveeixgs, have for their object the reduction of 
the force of traction to the lowest practicable limit, at the 
least cost for coDstruction and maintenance. Q'hey should be 
■composed of hard, tough and durable materials, laid upon a 
firm bed, or upon an artificial foundation, from which water 
is excluded by suitable drainage. 

Tlie basaUic, the doleritic and other trap rocks, known 
also as green stone, the sieniiic granites, and generally the 
liardest and toughest of the feldspathic rocks, and some of 
the limestones of the transition and carboniferous formations, 
fnniish the most valuable road coverings, whether used in 
the form of rectangular blocks, or in small angular frag- 
ments, or as cobble-stones, gravel, or coarse sand. Slag 
from blast furnaces, and cinders and clinker from cement 
kilns, are also used for this purpose. 

AVood in the form of blocks, or sawn into planks or slabs, 
is sometimes employed for the road-surface, but with little 
satisfaction or advantage. Its employment for foundations 
is sometimes expedient and even necessary in the absence of 
better materials. 

The covering of most of tlie roads iu the United States, 
and in all new countries, is the natural soil excavated from 
the side ditches and thrown into the middle of the roadway. 
In many cases, especially in sandy or gravelly soils, even 
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the side ditches are omitted, and the road is simply a wagon 
track upon the natural surface, which soon heeomes a broad 
shallow ditch, collecting and retaining the siirface water from 
both sides of the track. 

Classificatiou of Boads. 

Country roads, as distinguished from paved streets in 
cities and towns, may be classified with respect to their cov- 
erings as follows 1 

1. Eartli roads. 

:;. Corduroy roads. 

'S. riank roads. 

4. Gravel roads. 

5. All broken stone {or Macadam) roads. 

6. Stone sub-pavement, with top layers of broken stone 
(Telford). 

1'. Stone sub-pii\emeiit with top layers of broken stone 
and of gravel. 

8. Stone sub-jiiLvement with top layere of gravel. 

0. Eubble-atone bottom witli toji layers of broken stone, 
gravel, or both. 

10. Concrete siib-pavement with top layera of broken 
stone, gravel, or both. 

Carth Roads. 

Earth roads necessarily possess so many defects of sur- 
face, that whatever amelioration their condition is suscej>ti- 
ble of, by a careful attention to grade, surface-drainage, and 
sub-drainage, should be secured. The gi'ades should be easy, 
not e."iceeding 1 in 30, the road surface should slope not leas 
than 1 ill 20 from the centre toward the sides, tlie side 
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ditches should bo deep anil capacious with a fall of not less 
thaii 1 in 130, and trees should be removed from tiic borders 
to admit the wind and sun. In soils composed of a mixture 
of sand, gravel and clay, the road ia formed of this material, 
and retjuiroa only that the ditches should be kept open and 
f I'ce, and tliat the ruts and hollows be filled up as fast as they 
form in the surface, in oi'der to render the road a good one 
of its kind. 

In loose sandy soils, a top layer six inches thick, of tough 
clay will be an effecfciTO method of improvement, which, to 
save expense, may be restricted to one-half the width of the 
roadway. Sand may be added to adhesive clay soils with 
equal benefit, the object in cither case being to produce an 
inexpensive road-covering that will pack under the action of 
the traffic during the dry season, and will not work up into 
adhesive mud in rainy weather. 

The material used in filling up ruts and hollows should 
be composed largely of gravel and coarse sand, free from sod, 
muck and moiild. It should not contain cobble-stones, or 
larger fragments of rocks, which would form hard and un- 
yielding lumps on one side of the wagon track, soon resnlt- 
ing in corresponding ruts and hollows on the other. All 
rata should be filled in with good materials as soon as 
formed. 

A pernicious custom prevails througliout a lai'ge portion 
of the United States, of repairing country roads only at cer- 
tain seasons of the year. The cost of maintenance would 
be gi-eatly reduced by frequent repair's, and especially by 
keeping the side-ditches clear and open to their full width 
and depth, by promptly filling in the ruts, and by maintain- 
ing the required slopes f L-oni the centre toward the sides. It 
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will Eoldom be found tbat the material obtainccl by clciuiiiig 
out the eido-ditehcs is fit to put apon the roadway. 

Corduroy Roads. 

Straight logs of timber either round or split, if cut to 
suitable lengths and laid down side by side across the road- 
way, scarcely deserve the name of road. They are never- 
theless vastly superior to a soft marsh or swamp, which, in 
some seasons of the year, would ho absolutely impassable for 
wheeled vehielee of any description. They arc commonly 
known as corduroy roads from their ribbed character. lu 
heavily timbered districts nearly all the logs for such a con- 
struction would be procured in clearing off the usual width 
of 4 rods — 60 feet — prescribed for most country roads, the 
width of the road-covering itself, or the corduroy, being 
restricted to about 15 or 16 feet, so that two vehicles can 
pass each other upon it without interference. The logs arc 
all cut to the same length, which should be that of the 
required width of the road, and in laying them down such 
care in selection should be esercised, as will give tlie smallest 
joints or openings between them. In order to reduce as 
much aa possible the resistance to draught and the violence 
of tht, Kjeited shocks to which ^ chicles are subjected upon 
these roid'! and also to lendei stu f-urfaee iricticible foi 
draught inimali it is customary to le^el np between tho 
logs with smaller pieces of the same length but split to a 
tiiangnlai ao=!s section Theoc are mscrtcd with edges 
downward, in the open joints, so as to bring tlieir top surfaces 
even with tho upper sides of the large logs, or as nearly so 
as practicable. Upon tho bod thus prepared a layer of brush- 
wood is put, with a few inches in thickness of soil or tnrf on 
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top to keep it in place. Tliis completes the road. Tlie 
logs arD laid directly upon the natural surface of the soil, 
those of the same or nearly the same diameter being kept 
together, and the top covering of soil is excavated fi-om side- 
ditches. Cross drains may usually be omitted in roads of 
this kind, as the openings between the logs, even when laid 
■with the utmost cai-e, will furnish more than ample water- 
way, for drainage fi-om the ditch on the npper to that on the 
lower side of the road. When the passage of creeks of con- 
siderable volume is to he provided for, and in localities 
subjected to freshets, cross-drains or culverts ai-e made 
wherever necessary by the omission of two or more logs, the 
openings being bi-idged with planks, split rails or poles laid 
transversely to the axis of tlie road, and resting on cross 
beams notclied into the lugs on either side. 

Flank Roads. 

Plank roads were much in vogue twenty-five to thirty 
yeara ago, and are still used in localities where lumber is 
cheap, and stone and gravel scarce and expensive. They are 
usually about 8 feet wide, and occupy one side of an ordinary 
well-drained and properly graded, eartli road, tlie other side 
being used to turn out upon, and for travel during the dry 
season. The method of construction most commonly fol- 
lowed, is to lay down lengthwise of the road, two parallel 
rows of plank called sleepers or stringers, about 5 feet apart 
between centj-es, and npon these to lay cross-planks of 3 to 
4 inches in thickness, and 8 feet long, so adjusted that their 
ends shall not be in a line but form short offsets at intervals 
of 3 to 3 feet, to prevent the formation of long ruts at the 
edges of tlfo road, and aid vehicles in regaining the ]il;iiik 
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covering from the eai^tli turn-out. New platilc roaJs possess 
many advantages, for heavy haulage as well as for light 
travel, when the earth road is muddy and soft, but in a 
short time tlie planks become so worn and warped, and so 
many of thom get displaced, that they are very disagreeable 
roads to travel upon. They ai-o so deficient in durability 
that a common gravel road, as hereinafter described, will 
in the end be found more profitable in most localities. The 
ease and rapidity with which they can be consti'ucted ren- 
ders them a popular and even a desirable make-shift in 
newly-settled districts and towns where lumber can bo pro- 
cured at low cost, but they lack the essential features of per- 
manence and durability which all important highways should 
possess. The sleepers ought always to be treated by some 
effective wood-preserving process to prevent decay. In the 
])Iaiiks, ordinary rot will be anfcicipatod by their destruction 
from wear and tear. 

Gravel Roads. 

A capital distinction must be made between gravel that 
will pack under travel, aud clean rounded gravel which will 
not, due to a small proportion of clayey or earthy matter 
contained in the former, which unites and binds the mateiial 
together. Sea-side and river-side gravel, consisting almost 
entirely of water-worn and rounded pebbles of all sizes, 
which easily move and slide upon each otbei, is unsuitable 
for a road-covering, nnless other materials be mixed with it, 
while pit gravel generally contains too much earthy matter. 
The gravel for the top layer at least, should be hard and 
tough, so that the wear will not pulverize it and convert it 
into dust and nmd. It should be coarse, varying in size from 
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talf an inch to an inch and a half in lai'gcst dimensions. It 
should not be water-woni, and should contain enough sandy 
and clayey loam to bind it togetbev finnly. 

Screening the Gravel. 

Pit gravel uanally contains so much earthy material that 
it should he screened, to render it entirely suitable for the 
surface layer. For this purpose two wire screens will be nec- 
essary, one with the wires 1^ to If inches apart, while in the 
other they should not he more than ^ to f inch apart. The 
pebbles which do not pass the large screen are to be rejected, 
or if used, ai^e broken up into smaller fragments ; while the 
earth, small gravel, and sand that pass the smaller one, 
althongli unsuitable for the road surface, will answer for a 
sub-layer or bed for the road material to rest upon, or for 
side-walk coverings. 

If the bed of the road is rock, a layer of earth should bo 
interposed between it aiid the gravel, to prevent the too 
rapid wear of the latter. 

Applying the Covering. 

In ordinary soils an excuvatioii to the depth of 10 to 12 
inches, and of the required width, is made for the reception 
of the gravel. The surface of this excavated fomi, called 
the suh-grade, may be made level, or preferably, it may bo 
arranged parallel to the finished road sni-face by sloping it 
from the centre toward the sides. A layer 4 inches thick of 
good unscreened pit gravel in its natural state is first spread 
upon the road bed, which is then thrown open to ti-avel 
until it becomes tolerably well consolidated. The gravel 
will usually be carried npon the road in wheel-b arrows or 
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carts, and adjnsted to an even layer with rakes. The work 
may be hastened by using a cylindrical I'ollcr 3^ to 3 foot in 
diameter, and 5 to 6 feet long, weighing 1^ to 2 tons, A 
better design is to have two such cylinders arranged in a 
frame one behind the other, each being composed of tivo 
short cylinders 2^ to 3 feet iu length, placed abreiifit npon 
tlie same axis. For compacting tho bottom layere, and for 
the preliminary consolidation of the npper layers, a heavier 
I'oller cannot be used. A roller weighing from 5 to 7 tons 
and upwards may be nsed advantageously on the top layer, 
and if tJie light roller is not so constrncted as to admit of 
loading, it would be well to have two. 

The lieavy roller constntcted for the New York City De- 
partment of Pai-ks, weighed six and a half tons, and could 
be loaded up to twelve tons. " It was composed of two hol- 
low cylinders of cast iron, set abreast on a strong wi'ought- 
iron axle, making together a length of five feet, with a diam- 
eter of seven feet." The cylinders were set in a timber frame- 
work, and had apertures in the ends through which broken 
stone and gravel could bo introduced into interior compart- 
ments, by means of which the aggregate weight could be 
increased to tivclve tons. This i-oller is shown in Fig. 34, 
most of the shafts being omitted for want of space. 

For making gravel roads a roller weighing 6 tons will 
suffice, the 12 ton roller being well adapted to tho construes- 
tion of broken stone or Macadam roads. 

A horse road-roller designed and nsed in Germany is so 
ai-rauged that the cylinder can bo filled with water, when 
heavy rolling is to be done, When not in use, or when 
about to move from pl;ice to place the water is emptied out, 
iiiid the weight mateiially lessened. A full description of 
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tliis roller will be found in Mr, Clemens IlerseLera "Tfea- 
tiao on the Seience o| Eosid-making," puhlished with the 
executive reports of the Commonwealth of Massachusetts for 
the years 1869-'70. Eoad- rollers propelled by steam power 
have been used to some extent, but no description of them 
is deemed necessary here. 

During the consolidation of the first layer by the light 
roller and by the traffic over it, men with rakes shoiild bo 
kept cng'iged in filiinf up the ruts is f 'ist as they arc formed. 




When the bottom layer is tolerably well, though not thor- 
oughly compacted, a second layer of 3 to 4 inches is added 
and treated in the same manner. Successive layers follow 
until the road is made iip to the required heigiit and form 
of transverse section. The aggregate thickness of the sev- 
eral layers need not exceed 10 to 12 inches. 

If the gravel be too dry to consolidate promptly it should 
be kept moist by sprinkling-carts, care being taken not to 
make it so wet that the earthy material will become semi- 
lliiid and collect on the surface. 
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If the screened gi-avel of tbe top layer is so deficient in 
binding material that it will not pack firmly under the ordi- 
nary traSic on wheels, a thin layer, not exceeding one inch 
in depth, of sandy and gravelly loam and clay, or indurated 
sand and clay known as hard pan, or the scrapings from 
stone yards, should be spread over it and slightly moistened 
by sprinkling-carts before the rolling is begun, the light 
roller being invariably used first. A better practice would 
be to thoroughly mix the bioding material with the gravel 
for the top layer before it is spread upon the road. 

The sides of the road should be rolled first, to such 
degree of firmness that when the roller is placed upon the 
highest portion along the middle, the tendency of the gravel 
to spread and work off toward the side-gutters will be resisted. 
During the consolidation of the top layer tho material must 
be kept properly moistened, and men with rakes should bo 
it) constant attendance to fill in ruts and depressions so as 
to give the surface the required form, and secure uniform 
density in the road-covering. When finished, the light coat- 
ing of binding material will have been forced down several 
inches into the top layer, forming a kind of matrix which 
holds the gravel firmly in place, and provides a uearly water- 
tight eovering for tho road bed. Gravel beds generally con- 
tain a greater or less quantity of large rounded pebbles, of 
5 to 8 inches in longest dimension, which if not broken up 
into small fragments and incorporated with the road-cover- 
ing, may be advantageously employed instead of sods, for 
facing the inner edge of the foot-path to protect it from the 
wash of the side gutters, and in forming the email drain 
under the foot-path from the gutter to the side-diteh. 
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Good Gravel Roads. 

A gravel road carefully constructed in the niimner aboro 
described, tipon soil of sucb sandy or gruvcHy character that 
the side-ditches will thoroughly draia the road bed to a 
depth at least I'i to 15 inches below the bottom of the road- 
eoveiing, thereby rendering cross drains nnnecessary, will 
possess all the essential reqiiiaitea of a good road. In soils 
whore the side-ditches will not secure good sub-drainage, 
cross-drains, which coat but little, should be introduced under 
the road covering at auitablc intervals. 

Inferior G-ravel Roads. 

Country roads made with gravel are too frequently of a 
very inferior kind, being formed either by simply carting 
pit-gravel upon the road, and dumping it into the ruts and 
wheel ti'aeks, and tbo gutter-like depressions worn by the 
tread of the animals, until tlie middle of the roadway grad- 
ually becomes covered to a width of 8 to 8J- feet, aud a depth 
varying from 3 to 4 inches in the centre and C to 10 inches 
under the wheels, or by constructing an ordinary earth road 
with a single top layer of gravel 4 to G inches deep and 8 to 
foefc wide along the centre, the sides or wings being 
finished out with ordinary soil. Wheel ruts will form rap- 
idly on such a road, which should be promptly filled with 
gi-avel. By this means the thickness of the gravel- covering 
will be gradually increased under the wheels to S and 10 inches 
aud upward. 

Macadam Roads. 

Macadam roads. Fig. 35, are conatrucfetl ivith successive 
bycrsof broken stone, applied in a manner similar to that 
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above described for gravel roads. If the best quality of 
stone eaonot be procured for the whole of the road covering, 
care should be taken to select • the hardest and tougiiest 
stone for the upper, or preferably for the two upper layers, 
hiivingan aggi-cgato thickness of about 6 inches. The stone 
should be broken into fragments as neai'ly cubical in form 
as possible, the largest of which should not exceed 2^ inches 
ill longest diagonal dimensions. For inspecting the broken 
stone, an iron ring 2^ inches in diameter may be nsed with 
advantage. 

If the material be very tough and hard, like most of the 
liiisaltic and trap rocks and tlie sienitie granites, or if the traf- 
fic upon the road be light and its amount not lai'gc, the stone 




mn 1l bilk n smill r mthout linger of thiir crushing 
1 1 3 easily or weiring too ripidiy The smal!°r the fragmont'i, 
thn ksswillhe tht volume of voi3s m the loid coicimg 
liable to become filled with water and mnd, and the sooner 
will the surface become hard and smootli when oiwricd to 
traffic, or while being compacted with rollers. 

In Macadam's matured practice upon the Bath and 
Bristol roads, England, he did not allow any stone above 
three ounces in weight (equal, with the material ho had, to 
cubes of 1| inches or 2 inches iu their longest diagonal 
length) to be used. He caused splintersaud thin slices and 
spalls to be excluded as fai' as possible, and laid considerable 
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stress upon uniformity of size, and perfect cleauliness or 
freedom from dust, sand, or earthy matter. The French 
engineers, on the contrary, ai"c indifferent as to cleanliness, 
and upon their broken stoiie roads make use of all sizes from 
the dust and detritus produced in breaking, up to 1;^ incli 
cubes, upon tlie assumption that the smaller particles occupy 
only a portion of the original void space between the larger 
fragments, the whole of which will sooner or later become 
entirely filled with duafc and mud ; an assertion which must 
be accepted in a modified sense, for it is certain that a well 
constructed and properly maintained Macadam road should 
allow, and will allow all surface water which finds its way 
through the crust of the road surface, to percolate freely 
through to the bottom of broken stone covering, where its 
prompt escape is provided for by suitable sub-drainage, upon 
soils where such a precaution is necessary, 

Tho stone, if broken by bund hammers, will comprise 
fragments of all sizes, from the largest allowable dimensions, 
down to small particles and dust, and of various angular, 
prismoidal, and cubical forms. 

It is not customary or necessary to screen hand-broken 
stone, bnt in loading it into tho barrows or carts for trans- 
l>ortation to the road, tho detritus and most of the finer 
particles maybe left behind by using the broad forks already 
described. (Fig. 32.) If the prevailing forms arc angular, 
and of all sizes below the maximum prescribed, the fragments 
will unite and dovetail together more fii-mly and compactly 
than cubes, and very little if any binding material is neces- 
sary. If the smaller fragments and detritus be carefully 
excluded by screening, tlie road cannot be compacted into a 
smooth hard siirfiiec by rolling or by trafllc. 
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Mr. Will. H. Grant, SupenntcndingEiigiDeer of tlie Sew 
York Central Park, in his ropoi't upon the park roads, says, 
" At tlie commencement of the Macadam roads, the experi- 
ment was tried of rolling and compacting the stone by a 
strict adherence to Macadam's theory — that of carefully 
exclnding all dirt and foreign material from the stones, and 
trusting to the action of the roller and the travel of teams 
to accomplish the work of consolidation. The bottom 
layer of stone was sufficiently compacted in this way to form 
and retain, nnder the action of the rollers, (after the com- 
])ression had reached about its practical limit) an even and 
regular surface, but the top layer — with tlie nse of the heavy 
roller loaded to its greatest capacity— it was found impracti- 
cable to solidify and i-educe to such a surface as would pre- 
■\cnt the stones from loosening and being displaced by the 
action of wagou wheels and horses' feet. No amount of 
rolUng was sufticient to produce a thorough binding effect 
upon the stones, or to cause such a mechanical iinion and 
adjustment of their sides and angles together as to enable 
tiiem mutually to assist each other in resisting displacement. 
The rolling was persisted in, with the roller adjusted to dif- 
ferent weights up to the maximum load," (12 tons) " until 
it was apparent that the opposite effect from that intended 
was being produced. The stones became rounded by the 
excessive attrition tliey were subjected to, their more angular 
parts wearing away, and the weaker and smaller ones being 
crushed. The experiment was not pushed beyond this 
point. It was conclusively shown, that broken stones of 
the ordinaiy sizes, and of the very best quality for wear and 
durability, with the greatest care and attention to all the 
necessary coiidilious of rolling and compression, would not 
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consolidiite in tha effectual maaaor reqnii-ed for the snrfaeo 
of a road, wMle entirely isolated from, and independent of 
other substancGS. The utmost efforts to compress and 
solidify them while in this coudition, after a certain limit 
had bectt readied, were unavailing." 

Examination and Tests of the Stone. 

In order to decide upon the fitness of any particular 
kind of stone for road covering, and especially ivhen there 
are several kinds equally available, or bo nearly so that the 
question of selection should be governed by the quality 
alone, an examination and tests of the ViU-icties should be 
made, in order to determine their relative tonglmess, hard- 
ness, and power to resist abrasion. In some cases the dif- 
ference of quality is so pronounced and so well known, that 
the opinion of intelligent stone-cutters of the neighborhood, 
who liavc been accustomed to work the sevend kinds of 
stone into various forms with different tools, will be suffi- 
cient to indicate their order, though not their degrees of 
merit, for the purposes in view, "When, however, the infor- 
mation thus obtained is deemed inadequate or inconclusive, 
tlie examination may be continued as follows : 

First. Average samples of the several stones — say a ton 
of each — should be collected together, and placed in separate 
piles in some convenient place, A practical stone-breaker 
should then be sot to work with the ordinary stone hand- 
hammer, with directions to break up the material into 
sizes suitable for road metal, devoting an hour to each pile 
alternately, under the constant observation of the individual 
conducting the investigation. By this means the order of 
toughness of tlie several kinds of stone under examination 
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\yil! be as(;ertaiaed, for it ia the tonglmcss, especially whea 
iu small fragmciitSj wliicli enables a stone to resist frac- 
ture from tlie repeated blows of a blunt tool bai"der than 
itself. 

Second. The power to resist abrasion, or at least the 
order of quality in this respect of the several kinds of stone 
under trial, may be ascertained by grinding them under 
equal pressure, upon an ordinary grindstone run by power 
at a uniform speed. For this purjiose bars of the same size, 
about 2-in, by 2-in, by 6-in, should be prepared from each 
sample nnder trial, in some of which the lamina should 
be parallel to the end of the block, and in others perpendicii- 
lai' thereto. The blocks are then tested one after the other, 
by putting them endwise in a long bos open at the lower 
end and closed at top, arranged vertieally over the grind- 
stone, with its lower end nearly touching the grinding sur- 
face. The bos is firmly held in this position by framework 
attached to the grindstone frame. In the upper end of the 
box, directly above the specimen, there is placed a spiral 
spring, which is strongly compressed upwards against the 
top of the box, by the insertion of the stone specimen from 
the lower or open end. This spring supplies the force which 
presses the lower end of the specimen against the grinding 
surface, and of course exerts an equal force upon blocks of 
equal length. The amounts ground in equal times from the 
several blocks, as determined by their lessened weight, will 
give the inverse order of their powers to resist abrasion. 

Third. The compressive strength of the stonea in small 
(say 3-inch) cubes, although less directly indicative of 
their fitness for ix)ad covering than the foregoing tests, 
should also be ascertained, when it is convenient to do so, as 
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corroborntivc data. AVith the information thua obtiiinod it 
will not be diSiculfc to make a jadieious aoiectioa, 

Stoiie-Orusher. 

BlaliX > 'it mi. Liiijlici oi whidi iloii^ittilinilsectiijaaud 
it perspective Mew of tin. esaontiii paifcs is shown ia Figs, 
36 and 3t, is in e\CL.lLiit madime foi bn-aking stone for 
concrete oi foi loidLuiLiin i AA 13 ifiiinuof oust iron 




Fjo. 38. 

in one piece, wbicli supporta tho otlier parts. It consists 
of two parallel cheeks shaded dai'k in the drawing, connectcJ 
together by tho parts AA. B represents a fly wheel work- 
ing on a shaft harinj>: its bearings at D, and formed into a 
crank between the bearings. It ean-ies a pulley C, which 
receives a belt from a steam engine. F is a rod or pitman 
connecting tho crauk with the toggles GG. The end of 
tho frame A, on tlic right of the flgnre, supports a fixed 
jaw Ilaeraiiist which tlie stones are criisJied. J i.^ llie movaljle 
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jaw pivoted at K. L is a spring of India rnbber whicli 
being compressed at eacli forward movement of tlie jaw J, 
aids its retnrn. Every revolution of tlie cranlt causes tbe 
pitman P to rise and fall, and the movable jaw to advance 
a short distance toward the fixed jaw and return, eo that a 
stone dropped in between the jaws J and II, will be broken 




at the nest succeeding bitu Ibi. fi ignuut wdl then fail 
lower down and be broken tgj,in and agun at c leh revolu- 
tion until they pass out at thi bottom The bottom of the 
opening between the jaws may be set so as to deliver any 
required size of broken stoncbysuitablyadjusting the wedge 
N, inserted against the toggle block 0. The crushed stone 
passes from the machine dii'octly into a revolving cylindrical 
screen, inclined to the horizon, the meshes of which arc 
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small at the upper end, and of medium size, or about 9J to 
2J inches square in the middle and lower portion. The dust 
and small partieles pass throngh the meshes in the upper 
end, while the large fragments which issue out of the lower 
end of the cylinder, are returned to the machine to be 
broken again. The rest is suitable for road-covering with- 
out any further preparation. The proper speed of these 
machines is about 200 revolutions of the erank per minute. 
They are made of several sizes, requiring engines of 4 to 13 
horse power, and their working capacity varies correspond- 
ingly from 3 to 7 cubic yards of broken stone per hour. The 
best size for breaking road material is one having a capacity 
to receive stones 8 to 9 inches thick and 14 to 15 inches wide. 

Thickness of the Road-covering. 

The thickness of the eovcriiig need not exceed 10 or 11 
inches of well consolidated materials on a good road bed for 

Olds n cold cl nates subjected to the hea est tr ffic Tl e 
Fr ucl roid eng neers CO s le te mcl cs s ffi e t 
I nc pon tie most in porta t roads ani G 7 i 11 
cl s I e e tl e traffic is eo i par tivoly ligl t M ea Ian 

o Icred 10 chcs of w 11 co jTcted irnt r Is e o gl 
f 1 c y he J t nffic i d generiUy ad ocates le s tl knc s 
tl d most E gl sh coustr ctors S \ ncl os foi tl e mi 
n m and tc foi tl e n as n nm tl ck e s appear to 1 e 
b I s 1 m ts In on in tl c 1 e pe k fa oal vl 1 
1 J 3 been alio cl to ea d w to o ly tl ree n 1 es 
tl s vas found saffic nt to \ re ent the water f om pene 
trat no- and tl ua to escape a y njury fron f o fc a d i 
auothei, statcu that some nc« loada of ,i\ inches n lo^tl 
were not at nil affected bv a very severe winter," 
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Applying the Road-covering. 

The drainage of the road bed having been provided for 
by side-ditches, and if necessary by saitable cross-drains, an 
excaYatioti is then made to the sab-grade for tlie reception 
of the road materials, sloping from tho middle towai-d the 
sides the same as tlie finished road surface, the depth of 
the excavation being regulated by the tliickness adopted for 
the covering. It wonld be well, especially in made ground, 
to consolidate the bed by rollei-s, or by ramming, 

A layer of broken stone three inches in thickness is then 
applied, care being taken, if dumped from carta or barrows, 
to spread it evenly witli a rake. The road is then opened to 
travel in order that it may be compacted before the addition 
of more stone. This operation may be greatly hastened by 
rolling, beginning witti the light and ending with tlie heavy 
roller. If the road bed be soft and yielding, whether natu- 
rally so at all times, or exceptionally so from recent rains, it 
may be necessary to omit using the heavy roller, for fear of 
forcing the bottom sfjjne down into the soil. 

Ents must be earefnlly raked in as fast as they are formed. 
Experience has demonstrated that 3, or at most 4 inches of 
broken stone, is the gi'eatest thickness that can be well com- 
pacted at one time. 

The "Wings" of Country Roads. 

As jt wi]l seldom be necessary, except near large towns 
and cities, to apply the broken stone over a greatef^ridth 
than 16 feet, pit gravel, or sandy or gravelly earth may be 
used for extending the layer over the ''wings, ' This should 
be laid on and consolidated at the same time with the brolicn 
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stoue. AVheii the lower layer shall have attained an eyeu 
and tolerably ivell compacted sarfaeo, a second layer of stone 
not exceeding 3 inelies in thickness, with gravel or earth on 
the wings, is then applied, and compacted by traffic and by 
rolling as before. The top layer is spread and consolidated 
in the same manner, but hero the process of rolling shonld 
he prolonged, and an ample force of men should he kept eon. 
stantly employed in filling in the ruts, and in removing 
lumps and elevations, so that the iinished surface shall not 
only be hard and smooth, bat accurately adjnsted to the 
required gradients and transverse form. The roller should 
pass over every portion of the road surface from 40 to GO, or 
if necessary, even 100 times, and if the weatlicr be dry the 
materials should he kept damp by sprinkling carts. A bind- 
ing layer about 1 inch in thickness of gravel, or gravelly 
earth or hai-d pan, may be spread upon the top layer after it 
has become nearly consolidated, unless the chai'acter of the 
broken stone is such as to render this precaution unnecessary. 
Wlien thoroughly eonsohdated, the finished road surface will 
not show any tendency to rise up and form a ridge in front 
of a 9 ton or 10 ton roller. 

Telford Roads. 

These roads — named after Thomas Telford, by whom 
they were fii-st eonstrncted.in Great Britain — are made with 
layers of broken stone resting upon a sub-pavement of stoue 
blocks. Fig. 33 shows a ti-ansverse hiilf-seetion of a road 30 
feet T^e, with a Telford covering 16 feet wide along the 
middle, and gravel wings. 

Telford's specifications for a roadway 30 feet wide wore 
as follows : "Upon a level bed prepared for tlie road matc- 
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riiih a, hollom course or layer of siones is to bo set by luunl 
in the form of a close, finii pavement. The stones set in 
the middle of the road ai-e to be seveu inches in depth ; at 
nine feet from the centre, five inches ; at twelve from the 
centre, four inelios ; and at fifteen feet, throe inchca. They 
are to be set on their broadest edges and lengthwise across t/ie 
road, and the breadth of the upper edge is not to exceed 
fonr inches in any case. Ail the irregularities of the iipper 
part of the said pavement are to be broken ofE by the ham- 
mer, and all the interstices are to be filled with stone chips, 
firmly wedged or packed by hand witli a light liammer, 
so that when the whole pavement is finished, there shall be 
a convexity of four inches in the breadth of fifteen feet from 
tlie centre. 

" The middle eighteen feet of pavement is to be coated 
with hard stones to the depth of six inches. Fonr of these 
six inches arc to be first put on and worked in by carriages 
and horses, care being taken to rake in the ruts until the 
Eiirface becomes firm and consolidated, after which the 
i-emaining two inches arc to be pnt on. The whole of this 
stone is to be broken into pieces as nearly cubical as possible, 
BO that the largest piece, in its longest dimensions, may pass 
through a ring of two inches and a half inside diameter. 

" The paved spaces on each side of the eighteen middle 
feet, are to be coated with broken stones, or well cleansed 
strong gravel, up to the foot-path or other boundary of the 
road, so as to make the wliole convexity of the road sis 
inches from the centre to the sides of it. The whole of the 
materials are to bo covered with a binding of an inch and a 
lialf in depth of good gravel, free from clay or earih." 
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The Telford Sub-pavement. 

For tlic snb-pavemcnh the stone muy bo of inferior 
qnality, as it is not snbjeeted to severc wear and tear ; but 
tlie toughest and hardest materials should be nsed for the 
top layer of broken stone. 

The only advantage gained by setting the sub-pavement 
on a level bed, and gaining the required convesity of cross 
section by placing the deeper stones in the middle of the 
roadway, is a saving of expense in allowing the nse of small 
stones at the sides, A better drainage of the road bed 
would doubtless be secured by making it parallel to the 
finished road surface, as was done with the Telfoi-d roads 
constructed in the New York Central Park. 

The advantages and disadvantages of the sub-pavement 
or " bottoming," which forms the cliaracteristic difference 
between the Telford and the Macadam roads, have been the 
subject of lengthy discussion between the advocates of theso 
two methods of road construction. 

It is alleged against the Macadam roads, that in com- 
pressible soils like clay, the weight of loaded wagons forces 
the stones into the earth ; that in wet weather the clay rises 
up into the voids between the stone fragments, and prevents 
a thorough consolidation of the road covering ; that in high 
latitudes the extreme cold of winter breaks up the road ; 
that aft«r a thaw the sui-faco is liable to be cut up into 
deep farrows by the wheels ; that during a drought the ordi- 
nary traffic upon the road causes a constant movement aud 
eonsoqiiently excessive wear among the broken stones ; that 
there will also be eonsiderahlo movement and therefore wear 
and tear due to the elasticity of the road bed, which cannot 
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bo entirely prevented by any ordinary thickness ol broken 
stone alone ; and finally that the Telford bottoming consti- 
tutes a thorough underdraiu, and bosidea being a remedy 
for all these imputed deiects, is less costly than its equiva- 
lonfc of broken stone, as substituted by Macadam. 

On the other hand, it is claimed by the partisans of the 
Macadam system, that the evils complained of do not exist 
to the extent alleged ; that suitable drainage will prevent 
them entirely ; that between the loaded vehicles above and 
the stone pavement below, the broken stone wears away 
much more rapidly than if laid directly on the earth ; and 
that generally a soft and elastic bottom is superior to a hard 
and unyielding one. 

In constructing a road — whether a Telford or a Macadam 
— upon newly embanked earth, or any light soil that has 
not become thoroughly compacted, it is well to put the 
bottoming, or the lower course of broken stone, upon a 
layer of brushwood or fascines, in order that the settlement 
may be equalized as far as possible, and the formation of 
deep ruts prevented. 

Rollers for compacting the road bed, before the bottoming 
is put down, and for consolidating the layers of broken stone, 
may of course be used in the same manner and with equal 
advantages upon Telford roads, or upon those where the 
covering is broken stone only, or gravel only. 

Telford Sub-pavement, with Gravel and 
broken Stone on top. 

In some localities there may be an abundance of stone, 
sueb as sandstone and the softer varieties of limestone and 
gneiss, which is entirely suitjiblo for the Telford bottoming 
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but does not possess the requisite iiardness and toughness for 
the top layer of broken stone. In snch cases after the bot- 
toming is set, the road may be finished witli three to foar 
inches of good gravel surmounted by ii top or surfiice layer 
of good broken stone; or, the broken stone if too costly, 
may be omitted altogether, and the surfaee finished with a 
second layer of good gravel, in the manner described for 
gravel roads. 

Whenever it is necessary to use an inferior quality of 
stone for the snb-pavement, the method of gaining the 
requisite transverse convexity by setting the smaller stones 
on the wings should not be followed, lest the road covering 
should fail there before it becomes seriously impaired in the 
middle. This precaution is specially applicable in cases 
where the amount of traffic is so great that the entire width 
of the road is used more or less constantly. 

Rubble-Stone Sub-foundation and Telford 
Pavement. 

In soft ground it is very desirable that the foundation 
should possess suflScient flrraness and unity of mass, to bo 
able to resist any tendency to motion among the stones com- 
posing it, caused by the weight of passing vehicles, and the 
working up of the underlying soil into the interstices of the 
road covering. In order to secure this condition, a layer 
composed of rubble stones, varying in thickness from 3 to 5 
inches, and in width and length from 8 to 18 inelies, is some- 
times placed upon the road bed as a foundation for the Tel- 
ford sub-pavement. The stones are placed elose together 
side by side flatwise, and rammed to their places, tlie inter- 
stices being afterwards filled in and leveled up with chips 
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aud spalls. A tliin layer of sand or gravel is then sprciid 
over the suriaco, aiid compacted by ramming or rolling. 
Upon the foundation thus prepared, the Telford pavement is 
set, and tlie road ia then finished ivith broken stone or gravel 
in layers, after tlie manner already described. 

Rubble-Stone Foundation without the Telford 
Pavement. 

When the foundation ia of rubble stones ojijy. Fig, 38, it 
should, if the material is not too costly, have a depth of not 
lesa than one-half nor more than two-thirds of the entire 
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thicl.ne«=! ot theioid co\ imsr iilnfUi thL siipei structure 
be of broken stone oi gravel Foi a total thickness of 10 
inches of road covenng the rubble foundition miy ho fiom 
C to 7 inches thick, while 7 to 8 inches of rubble will not bo 
too much for a road 13 inches thick. 

The foundation should be constructed with great care, 
the larger stones being laid down first, side by side, flatwise 
upon the road bed, and iirmly set to their places with 
rammers. The interstices are then filled in and leveled up 
with smaller stones, care being taken by selecting the pieces, 
to get them to fit as closely together as possible, and thereby 
to mutnally sustain each other in place. The object is to use 
as much material as possible in a given thickness, so as to 
reduce the volume of voids to a minimum. 

In placing the superstructure the first hiyor, whether it 
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bo broken stone or gravel, should not exceed 2 inches in 
thickness, and it shonld be thoroughly compacted by rollers 
and by traffic before another is applied, in order that it may 
penetrate and unite with the foundation, and become indeed 
a part of it, dniing tlie process of construction. Otherwise 
there will be a subsequent tendency to n'ork down into the 
nibble work unequally, causing ruts and depressions in the 
road surface. Moreover, it is of great importance that 
the foundation itself should remain firm and intact, and that 
the least motion among its elementary parts should be avoided, 
lest the stones shonld, in process of time, work up to tlie 
surface and destroy tlic road. 

Macadam mentions the ease of a road on Breslington Com- 
mon, England, in the construction of which flag stones were 
laid down over the entire road-bed, and the road covering 
laid upon them. Their constant motion, or the slight tilt- 
ing up of one end whenever a heavily loaded vehicle passed 
oyer the other end, kept the surface in a loose and unsettled 
state. Eventually they were found canted up and standing 
on their edges, and it was necessary to reconstruct the road. 

Any possible motion in the foundation shonld be scrupu- 
lously guarded against, as likely to prove fatal to the stabil- 
ity and dui'ability of the road. Where there is any reason to 
apprehend trouble from this cause, and indeed when the 
closest supervision cannot be had over the work, it will be 
safer to set the stones on their edge as nearly as possible after 
Telford's method, even should they be greatly dissimilar in 
size and shape, for an opportunity is then afforded to wedge 
in between them with chips and spalls, so as to guard quite 
ofleetually against their subsequent displacement from the ef- 
fects of moving loads. Tiie stones may vary in thickness from 
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3 to 6 iuches, in width or depth from 6 to 9 inches along the 
middle of the road, and in length from 8 to 18 inohos, without 
rendering it diEBcuIt to form them systematically into a sub- 
pavement, gi'eatly superior in firmness and stsibilifcy to any 
mere rubble-work foundation. Even flat cobble stones can 
be used, mixed in with theirregulariragments. The plan of 
such a foundation is shown in Fig. 40, and a vertical section 
transversely to the line of the road in Fig. 39. 




Concrete Foundation surmounted with Gravel 
or broken Stone. 

In soft, wet and elastic soils, liable to more or less con- 
stant saturation with water, and especially in cuttings 
through clay banks, and in otlier localities where the side 
slopes are badly infested with springs, the difficulty in the 
way of securing firmness and stability in the road foundation 
Is frequently of very serious character, in consequence of 
imperfect sub-drainage. Pamell instances the case of the 
Highgate - Archway Eoad, near London, located between 
banks of clay whore the soil was surcharged with water. 
Many fruitless attempts to drain the road bed had been 
made, a large quantity of broken stone had been used in the 
first inst;inec, and subsequently taken up and rclaid on govse. 
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brush and pieces of refuse tin. It was found impossible to 
consolidate the broken stone. It mixed up with the clay, 
and rapidly wore ronnd and smooth, and the road finally 
became nearly impassable. It was rebuilt under the direction 
of Sir John MaeNeill m the following manner : A thorough 
system of sub-diamage was applied by making four longi- 
tudinal diains throughout the entii-e length of the road, 
witherobs diams atmtervals of 90 feet. Smaller drains were 
j'laeed 30 feet apart. On the road bed thus prepared to a 
width of 18 feet, a foundation of concrete 6 inches thick was 
laid. The surface of the concrete was indented transversely 
by a series of shallow triangnlar grooves, formed by embed- 
ding strips of wood in the concrete before it had set. These 
grooves were about 4 inches apart, and had a fall of 3 inches 
from the centre of the road to the sides, in order that any 
water which might percolate through the broken stone cov- 
ering, would be promptly carried off. After the concrete 
had set, the superstructure consisting of six inches of broken 
stone was hud upon it, the wings or sides being carried out 
to the side gutters with flint gravel. By this means a dry 
and firm fonndation was secured for the broken stone, and 
all possibility of any displacement of the latter by mixing in 
with the clay subsoil, or by the action of frost, prevented. 
The result, as might have been expected, was a first rate 
road. The concrete iised for the foundation was composed 
of 1 part of Eoman cement, and 1 part of sand mixed 
together dry. Eight parts of broken stone was then incor- 
porated, using as little water as possible. From these pro- 
portions it is evident that there was not enough mortar in 
the concrete to fill the voids in the broken stone, while there 
doubtless was sufficient to bind the ballast together firmly. 
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and resist tlic tendency to brcali up iinder the weight of 
loaded vehicles. 

Concrete foundations, even if laid upon a level bed, 
should be finished on top with a slope from the centre to 
the sides, about tlie same as that given to tlie road surface, 
to facilitjito the drainage of the top covering. 

Foundation of Rubble-stone and Concrete. 

Reference has been made to the dilficnlty experienced in 
wet and elastic sab-soils iii keeping a fof.indation of rabble 
stones firm and intact, and in preventing the stones working 
up and finally destroying the road surface. A remedy for 
this evil is found in the judicious use of hydraulic concrete 
between the stones, as shown in Fig. 41. la founding by 



this method, the largest stones and those most nearly ap- 
proaching the form of cubical and rectangular blocks, should 
be laid down first, side by side, but not in close contact, eacli 
stone being firmly sot to its place hy ramming. Concrete, 
in which the ballast should be composed of stone fragments 
not exceeding f inch in longest dimension, or of a mixture 
of such "fragments and p Ibl f 11 j to Id 

cter, is well tamped b tw d u d th t n nd 

carried up to the ge II f tl t p f If 

thickness of 6 to 8 in 1 1 th m by 

course of stones, thi 11 ffi 1 tl d y 1 fi 

ished in the usual n t! I f 1 k f 

gi-avel. 
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A foundation of tliis kind ia believed to be as firm and 
durable as one of the same thictness composed entirely of 
concrete, while it Costs considerably less. Its top surface 
fihonld slope from the centre to the sides, in order to cany 
off all the water which percolates through the top layer of 
stone or gravel, a condition which can be secured either by 
sloping the road bed, or by selecting the Im-ger or deeper 
stones for the middle and gradually decreasing their depth 
toward the sides, thus giving a greater thickness of founda- 
tion in the centre than at the sides. 

It is of capital importance, in a foundation of this dcsei-ip- 
tion, that the stones should be of such shapes that when set 
in place their side snrfaces will be nearly vertical, or rather 
will be as neai'ly iiei-pendicular to the road surface as possi- 
ble, so that the concrete, after setting, will hold them iirmly 
together, and efEectnally prevent any upward or downward 
movement, especially the latter, which might take place if 
the stones arc of unsuitable shape or improperly set, as shown 
in Fig 42 



If the stones very geneiallv or a great poition of them, 
are thin and slab like in form they should be set with their 
two laigebt and opposite suifaces cross wise of the road 
and pel pcndicnlar to tlie road surface, showing in vertical 



loiigitudii il CLtic 
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hold tliem firmly in place, even upon a wot and spongy 

rood bed. 

Shell Roads. 

Upon tlio South Atliiiitic and the Gulf coasts of the 
Uriitcd States, stone suitable for road coverings does not 
exist, and in most localities good coarse gravel or pebbles 
cannot bo procured except at such an outlay for transporta- 
tion as to practically exclude their employment for road 
construction. Oyster shells, however, can genendly be had 
at from 4 to 5 cents per bushel, exclusive of land haulage, 
and when applied directly upon sandy soil, as a covering, S 
to 10 inches in thickness, they form an excellent road for 
pleasure driving or light traffic. They wear much more rap- 
idly, of course, than broken stone or gravel of good quality, 
and require more constant supervision to keep them in good 
ordoi'. When proi>erly maintained they possess most of the 
essential requisites of a good road. 

Charcoal Roads. 

The novel expedient of using eharcoal for road coverings 
is not likely to bo rcsorted to except in newly settled, heavily 
wooded districts, where the standing timber has no market 
value, and must be gotten rid of before the laud can he 
devoted to agi-ieiiltural pursuits. A case is mentioned in 
Michigan where a good road was made through a swainpy 
forest in the following manner : 

"Timber from six to eighteen inches through is cut 
twenty-four feet long, and piled up lengthwise in the centre 
of the road, about five feet high, being nine feet wide at the 
bottom and two at top, and then covered with straw and 
earth in the manner of eoal ]iits. T!ie earth i-eqnired to 
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cover the pile, takea from either side, leaves two good sizoil 
ditches, and the timber though not split, ia easily chaiTcd ; 
and when charred, tlie earth is removed to the side of the 
ditches, the coal raked down to a width of fifteen feet, loiiv- 
iiig it two feet thick at tlio centre and one at the sides, and 
the road is completed." The material was found to pack 
well, not foiTU into ruts, nor get soft and spongy in wet 
weather, although the water was not drained from the 
ditches. Its cost was $GCO per mile, and contracts for two 
snch roads were given out in Wisconsin at $499 and $530 
per mile, respectively. (Seo Gillespie on Roads and Rail- 
roads, ) 
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CHAPTER IV. 

MAINTESASCE AND KEPAIRS OF EOADS. 

It is not considered to be fairlj within the scope of this 
work, to enter iipon a tliscussion of the methods by which 
the funds necessary for the proper maintenance of a public 
highway shall be raised and applied. 

The turnpike system, however, under which those who 
make the longest trips arc required to pay tolls for keeping 
up the road, is not believed to be equitable in all respects, 
nor the most advantageous to the community lining on or 
ailjauent to the line. 

Many unthinking persons would be deterred from loca- 
ting upon a turnpike, on account of the tolls to which they 
would be thereby subjected, regardless or ignorant of the 
fact that their haulage and other road expenses are likely U> 
be greatly augmented by their unwise selection. 

A judicious policy of road administration will attract 
])opulation to the best roads, and therefore increase tJie 
amount of traffic to be accommodated, and correspondingly 
lessen the expense per capita for road maintenance. Any 
system which does not secure these substantial results, if 
not complicated by controlling eiruumstances of an adverse 
nature, must be either inherently bad, or inoflicicutly ad- 
ministered. 

The advantage of maintaining a public highway in excel- 
lent condition, from motives of eronomy alone, is a (|uestion 
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ffhicli rai'ely receives that careful attention from, those liaviug 
the matter in charge, to which its importance justly en- 
titles it. 

The average endurance or life of draught animals aud of 
vehicles, are functions — calculable within reasonable limits — 
wliich enter directly into and should in a great measure con- 
trol all considerations of policy on this subject, since they 
jiro not only not in conflict, but strictly coincident with the 
most advanced humanitarian views having a bearing on the 
question. 

The traffic upon any given highway requires for its ser- 
vice a certain number of animals and vehicles, their number 
depending in great measure on the condition in which the 
road is maintained ; and observation has shown that the 
amount of improvement in the surface of a metaled or other 
road, as ordinarily maintained throughout the United States, 
that would enable eight horses, for example, to do the work 
of ten without extra fatigue, is greatly below the estimate 
usually placed upon it by non-profession a] persons. 

If, for instance, we tate the ease of a well-made broken 
stone road, clean and dry, and compare it with the same well- 
made road iu a wet and muddy condition, we find that by 
Macneiil's formula, page 29, a stage wagon weighing 1500 
pounds, in order to carry a load of 1500 pounds at the rate of 
5 feet per second (about 3-^ miles per hour), will require the 
constant exertion of a force of only 94| pounds upon the dry 
and clean road, while a force of H9J pounds will be reqnii'ed 
to move it at the same rate over the same road in a wet and 
muddy state. Tliis increase of nearly 28 ^icr cent in the force 
expended is due entirely to the fact that the road surface was 
not kept clean by sweeping ofl and removing the dust. 
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Hence if the amount of traffic ou a given longtli of 
the clean and dry road reqiiii'ed the daily service of 54 
draught animals, their number would have to be iuci'eascd 
to (i9, to perform the same amonnt of service oa the ivefc and 
muddy road. If tlie animals are driven singly there woukl 
be an addition of 15 drivers, and if in pairs one half that 
number. It would perhaps be fair to assume 5 pairs and 5 
hingle horses, thus requiring 10 additional drivers on the 
inferior road. A yearly allowance of $335 for the purchase, 
feeding and care of each animal, and the purchase and keep- 
ing up of harness and vehicle, would probably be below the 
actual cost in those portions of the country provided, or which 
should bo provided with metaled roads, amounting to $3,375 
per year for the 15 exti'a horses and the equipments. 

TJie hire and support of each driver may be set down at 
not less than $35 per month, or $4,300 per year for 10 
drivers. 

The aggregate amounts to the sum of $7,5'i'5 per year for 
extra cost of service upon a wet and ninddy road, for the 
traffic of which 54 horses would suffice if the road were kept 
clean of dust, and consequently clear of mud. 

During tliose seasons of the year when the inferior road 
is covered with dust only, but not with mud, MaeuciU's 
formula shows a diiJerence of not quite 16 per cent in the 
force required to eonduct the service, against the dusty iis 
compared with the clean and dry road, equivalent, on the 
same basis of calculation used above, t<t an extra cost of 
about $4,300 per year for the service of animals, vehicles 
and men. 

A draught animal, properly taxed, can accomplish upon a 
fair road 30 miles per day. from day to day, without unusual 
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or excessive fjitigne. If the road under discussion conucets 
two towns 10 miles apart, one trip and return, carrying a 
load both ways, would bo a day's task, the total amount of 
fi-eight conveyed daily being the same whether the road bo 
in good condition or otherwise. 

It would be carried by 54 round trips diiily on the dry and 
clean road, less than 63 round trips on the dusty road, and GO 
trips during the seoisons when the dust is converted into mod. 

A fair average during the year, of the extra coat of service 
on the inferior road {amounting to the rate of $4,300 per year 
while the road is dusty, and to $7,575 per year when it is wet 
and muddy) will, of course, vary within certmn limits, ivitli 
tlie varying character of the seasons — with the wiud, rain, 
Bun, and temperature — but may, it is believed, be mod- 
erately set down at $5,000. Tho traction upon a well-con- 
structed and well-kept metaled road, docs not vaiy materi- 
ally with varying moisture upon its snrfacc. 

Wo may tiiereforo state the result of the foregoing dis- 
cussion as follows : If tho traffic between two towns 
connected by a well-maintained metaled road 10 miles long 
reriuires the constant service of 54 draught animals, tho extr<i 
cost of eondncting tlio same traffic will amount to at least 
$5,000 per year if the' road be allowed to become covered and 
to remain covered with dust. This gi^eatly understates tlio 
inevitable results of neglect, inasmuch as it assumes that tiie 
inferior road differs from the other only in the accnmnla- 
tioii of dust nporfits surface, while in point of fact it will 
soon weai' into mts ar.d gutters which will convey the sur- 
face water into the road material, hastening tho wear upon 
the surface, and greatly increasing the cs])cnse of haulage 
iiiul tho destruction of animals and vehicles. 



HnjtcdbyGoOglc 



GOOW AND BAD MAINTEKAXCE. 113 

Tito foregoing comparison has nofe^ been made between 
one road in a superior condition, liaving a hard and smooth 
aurfiUDe, and another in a state so bad tliat it might be char- 
acterized as heavy, soft and rough ; but tlie same well-con- 
ditionod road-covering has been nnder consideration ; in one 
case kept clean, and in the other covered with dust or mud. 
A road of which the mefcid is in good condition generally, 
although covered with dust, is ijuite different from a rough, 
soft and heavy road, terms which imply that ruts, gullies, 
and inequalities of various kinds, all of wliicli greatly in- 
crease the traction and the wear and tear upon animals and 
Achicles, have been allowed to form, and the dust and mud 
to accumulate upon the surface, a condition into which auy 
good Macadamized road will degenerate in a veiy few 
years if neglected. If a road in this state he compared with 
one having a dry, hard and smooth surfjice, such as a well- 
maintained metaled I'oad should possess, it will be found, 
whether the calculations arc based upon the investigations 
of Sir John Macneill, or upon those of M, Morin, that an 
animal can drivw about fonr times as much weight, vehicle 
included, over the good road, as he can over the bad one. 

If, therefore, a suitable load for 3 horses over the good 
road be 4,000 pounds cari'ied on a vehicle weighing 3,000 
pounds, — total 6,000 pounds — only 1,&00 pounds could be 
drawn by 3 horses over the bail road, i-endering it necessary 
to add a third horse to draw the vehicle alone. Tliese 
]'csiilts are obtained in about the same ratio at all rates of 
speed not faster than an ordinary trot, and with all kinds of 
vehicles — carts, trucks, stage-coaches, and carriages for light 
driving. 

If tJie traffic; upon 10 miles of good ;'o;h1 requirey tlie 
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constant employment of 50 horses and 25 drivers, at an 
aggregate annual cost of $21,750, (putting the cost and 
support of men and animals the same as hefore,) it would 
cost $87,000 per annum, to conduct the same amount of 
traffic upon the same length o£ road covered with deep rata 
and thick mud, and it would, heyond question, bo a wise 
policy to expend the whole excess of $55,350, cliargeable to 
the bad road, in improving and maintaining this road in a 
superior condition of smoothness and hardness, were such 
a lai-ge expenditure necessary to secure that resnlt ; for there 
would be saved thereby, not only this large amount, charge- 
able directly to extra men, animals, vehicles, etc., but money 
expenditures on other accounts not easy to estimate, to- 
gether with the sacrifice or injury of local interests upon 
which it is difficult to put a money vilue , such as economy 
of time due to greater speed t lon^ei eaduianco for ani- 
mals and vehicles; the advantige of hghttr and cheaper 
vehicles; freedom from excessne dust ind mud ind the 
increase of population, and thenfore of tiiiEt, atti i tcl by 
better facilities for business intercourse. 

Relation of Animal Force to Traf&c on 
Different Roads. 

The cost of maintaining a road in good condition, under 
a given traffic, falls greatly below the extra cost of conduct- 
ing the same traffic npon a bad road ; the ratio between tlie 
two depending on local prices of labor and material, the 
quality of the road materials at command, and other circum- 
stances not easily covered by a general rule. 

If we assume that the amount of traffic between the two 
towns already referred to, requires the constant service of 50 
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liorscs with trucks weighing 3^ tons inclusive of load, upon 
a very diy and smooth broken stone road, then the additional 
horses required upon otlier kinds and conditions of roads, 
n'ill he as shown in the following table, calcrrlated from the 
results of M. Morin's esperiments. The influence upon 
the force of draught exercised by the character of the vehicle, 
is omitted, as unnecessary in this discussion. 



Kind asd Cosuition of Koau. 


1)er or bowes 
coullHct a 




50 horsrH. 

59 " 

71 " 

93 ■' 
113 " 
182 " 

345 " 


Oaken platform, or plank ^md in good condition. . 

Broken stoae road, moist and duatj- 

Causewoj- of eartb, or dirt road in good condition.. 

Broken stone road, witli rata and mud 

Broken stcne road, witli deep rula and tliick mud. 
Solid cauBcwny of earth, covered witli gravel IJ^ 





It may therefore be adopted as a well established principle, 
that in all communities where the amount of traffic is sufficient 
tojnstifytheconstnietionof agoodroadof any description, or 
any road tliat is good of its kind, it should be maintained in 
« high degree of excellence, as a simple measure of economy. 

Macadam Roads seldom well kept up. 

It is rare indeed, tJiat a Jlacadamizcd or a gravel road is 
kept up in the thorough manner above indicated. In tlie 



HnjtcdbyGoOglc 



,316 liOADS, STIILEIS. AXD TAVEMENTS. 

great nijijority of cases tlie mn<l and dust arc allowed to 
roniain iipou Hie road fur long inTiods, and are scMom 
entirely removed ; wheel ruts are allowed to form and 
enlarge, by reason of whicli not only is the resistance to 
dratight, and the wear and teai' of vehicles, greatly increased, 
bnt the surface drainage ia destroyed to such esteufc that a 
large portion of tlie rain-fail collects in the depressions and 
finally percolates into the road covering; the side ditches 
become so obstracted that, in wet weather, water stands in 
them in places to the depth of a foot or a foot and a half, and 
upwai-ds. The result is that during the wet season the 
road covering being at its foundation only a few inches, if at 
all, above the level of the water in the side ditches, and re- 
ceiving by percolation from above a larger portion of the rain- 
fall, remains thoroughly soaked with water, which causes it 
to be soft and heav3'. In this condition it yields readily to 
the wearing effects of traffic, loses its form on the surface, 
and soon bceomea bidlj cut up with deep ruts and gullies. 

Tlio work of lepauing a roid in the condition ibovc 
described, will be «ubstantnlly the same, whethci due to 
defective construction, subsequent neglect, or to both these 
causes combined , except wliere there wis a f iilure to estab- 
lish the neccss-uj sub diamage it the outset, lu locilities 
reqniring it, in which cise the lepaiisniay practically amount 
to a rc-constmetion of the road, or nearly so. 

Assuming, therefoi-e, that the road bed does not require 
to be disturbed, or, in other words, that it was suitably pro- 
vided with cross-drains when constructed, or else from the 
character of the soil did not require them, the repairs should 
be conducted in the manner described in the pages wiiicli 
foDow, 
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The BTaintenauce of Broken Stoue (Macadam) 
Roads. 

The pi-oper maintenance of a brokcii etonc road cousista 
in preserving tlie smootlmcsa, liai-dness, and form of its sur- 
face, and tiiicknesa of covering, by a systematic restoration 
of the niateriala that are ivorn away by the traffic, and 
removed in tlio form of dust or mud. 

The wear of materials is not iu direct proportion to the aver- 
age daily tonnage conveyed over the road, bnt inerciises much 
more rapidly than the tonnago,other conditions being the same. 

Two Methods of Maintenance. 

Upon the roads in Franco, whicli have been the subject 
of prolonged and careful observation by the officers of the 
Corps des Pouts et Chaussccs, two methods of maintenance 
are practiced, viz : 

First. Tlie method of minute daily repairs by which the 
road covering is preserved at u constant tliickness ; applicable 
to roads of moderate tra^e npon which tlio average daily 
tonnage does not exceed about 600 tous, upon a road cover- 
ing 18 to 20 feet wide. 

Second. The method of partial repairs, accompanied by 
jieriodical additions of material, by wliieh the diminished 
tliickness of road covering is restored at stated i^eriods ; 
adapted to roads of greal traffic upon which the daily tonnage 
exceeds 600 tons upon a road of the same width. 

These two Evstenis will be described separately. 

Maintenance of Sroken Stone Roads of 
Moderate Trafhc. 

The thorough iiiaiutenimoc of a stone road <ji this class, 
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to eiicli degree tliat extensive periodical repairs will not 
become necessary requires : 

1. Tliut it aliouid be kept clear of dust and tliorcforc clear 
of mud. 

2. That tliorongli drainage sliould be maintaiiiec]. 

3. That minute i-epairs to tlie surface should be made 
systematically iu small p'ttches, as often as, and as soon as 
ruts or depressions begin to show themselves. 

Under this method, properly followed, the thickness of 
the road covering will be maintained without diminution 
for an indefinite time. 

The mud and dust, or dirt, should be cleaned from the 
surface aiid deposited beyond the side ditches, so as to expose 
the road metal slightly to view, without laying it bare, or 
removing the binding material fi'om around the stones at the 
surface. This may be done by men suitably provided with 
hoes, stifE brooms set at right angles to the handles, shovels 
and wheelbarrows. 

The hoes should have blades of hard wood, as those of 
iron or steel, unless used with the greatest care, might 
loosen up some portions of the stone, and needlessly and 
injuriously roughen up the surface. The brooms may be of 
bireh, willow or other suitable wood. 

The sweeping should not be bo thorough as to remove the 
detritus, or binding material from around the stone slightly 
projecting above the general surface, so as to loosen them in 
their position, and endanger their being ci'ushed separately 
piece by piece. 

Di-aught animals instinctively follow in the track of pre- 
ceding vehicles, the result being relatively excessive weitr, and 
a tendency to form ruts along that track. Upon a road kept 
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niidcr watchful care tliia may easily Ijc prcvcuted in sweep- 
ing, by constantly effacing tlio wheel marks. 

Machine-scrapers and brooms of varions kinds, drawn by 
horses, haye been used for cleaning the road surface, with 
considerable saving in both time and expense. It is necca- 
sarj to use them with great eai-e, in order to avoid loosening 
tlie stones at the surface. 

Mr. AVhitworth, of Manchester, invented a machine broom 
for sweeping up tlie mud and conveying it away. " It con- 
sists of a species of endless broom, passing around rollci-a 
attached to a mud cart, and so connected by cog wheels with 
the wheels of the cart that, when tlie latter is drawn for- 
ward, the broom is caused to revolve, and sweeps the mud 
from the surface of the road up an inclined plane into the 
cart." It is drawn by one horse and is said to clean the sur- 
face bettor, cheaper and more quickly, and with less injury 
to tlie road and less annoyance to passengers, tlian it can be 
done by machine-scrapers, or by hand labor. 

In the city of New York, and other eastern cities, street 
sweepers of various devices have been employed, with greater 
or less saving of manual labor and expense. The one that 
has given the best satisfaction consists of a cylindrical brush 
or broom about 16 inches in diameter and 7 feet long, at- 
taclied beneath the axle and connected by suitable gearing 
with the wheels of a two-wheeled vehicle drawn by one horse. 
The axis of the broom is sot horizontally at an angle of about 
40 degrees with the axle of the vehicle. The rear end of the 
broom is therefore about 4^ feet further from the horse than 
the front end. When working, the broom rests firmly on 
the snrface of the pavement or road-covering and revolves in 
a direction opposite to that of the wheels, sweeping tlie dust 
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ami mild sidewise and leaving it in a ridge behind tlie rear 
end of the broom, thus sweeping a strip about 5J feet wide, 
A second sweeper, or a second trip of the same sweeper if 
only one is used, moves the ridge of dirt 5^ feet further 
toward tliG side of tlie street and widens the part swept 
to about 11 feet. In this manner the dirt is finally delivered 
in tlio side ^ttcrs, where it is heaped up by hand with hoes, 




shoveled into carts and carried away, AVhen at work the 
wheels and axle are rigidly connected, and revolve together. 
When not swopping the broom is raised up a few inches from 
tlie ground and the axle is disengaged from the wheels, when 
both broom and axle cease to revolve. 

This machine with 1 horse, 1 driver, and 10 men with 



HnjtcdbyGoOglc 



ArPLYISli THE MATr.lilAl.a. 1:^1 

lioes, will do the work of 30 men with brooms aud hoes, tlio 
shoveling into cai-ts and cartiDg away being of course tlio 
same in both cases. These data were obt:iined from an 
inspector of police engaged in the street-cleaning department 
in the city of New York, and are the results of prolonged 
and cai'ef ul observation. A drawing of this sweeper is shown. 
Fig. 44. 

In using this machine upon a road, tlic precaution should 
bo taken to see that the brush is not too stiff. AVliat would 
be entirely suitable, and in all i-esi^ects well adapted for 
sweeping street pavements of stone blocks, wood, or iisphalt, 
might iiijnre the surface of an ordinary broken stone or gi-avel 
road, by penetrating too deeply, thereby loosening the stones 
at the surface and destroying the bond. It is important 
that the unity of surface should not be disturbed. 

Applying the New Materials. 

The application of new materials to the road must be 
made not only with system and regularity, but under suita- 
ble precautious and restrictions, in order to (,-ombiiic effi- 
ciency and economy. Indeed the road should be always 
undergoing repair, in order that no nccethity for making 
extensive repairs can occur. 

"Every i-oad should be divided into lengths, on each of 
ivhicJi an intelligent laborer, who thoroughly nnderstnnda 
his business, should be placed, to attend constantly and at 
all times to the proper state of the road, and for which he 
should be responsible. His office would consist in keeping 
tiie road always scraped clean and free from mnd, in fllling 
in any mts or hollows the moment they appeared, with 
broken stone, which should be kept in depots or recesses 
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formed on the sidea of tho road, iiiid one of which should bo 
provided in eacli qnaiter of a mile. Thoso depots should be 
capable of containing about 30 cubic yards of materials, and 
.ai'o best when the sides are formed with ivalls, so that the 
quantity of materials in them can be easily ascertained" 
(H. Law, C. E.). 

Each of these men should be provided with a wheel-bar- 
row, a shovel, a pickaxe, a scraper, a stiff broom and a 
rammer. 

Upon roads that have lost their proper transverse foi'm, 
a level of a length adapted to the width of tho roadway, 
should also be provided. 

During the autumn and spring, when the surface is 
soft and more work is necessary, additional men should be 
placed under the orders of the i)ermanout laborers, but not 
in such manner as to divide tho responsibility of the latter 
for the good condition of the road at all times. 

The length of road to bo given in charge of one niiin 
depends on eii'cum stances varying greatly with the width of 
roadway, the character of the soil, quality of material used 
iu repairs, et«. Three miles a man would not be too great 
a length iipoii some narrow country roads, one mile would 
be a full allowance upon others, while upon the great 
thoroughfares near large towns, a small fraction of a mile 
would bo ample. 

In France it has been found that one man can sweep in 
dry weather from 260 to 370 lineal yards of road, 5 to 6 yards 
wide, daily, if in a middling state, and twice that area if in 
an excellent state. If he had one and a half miles of road in 
charge, it could be swept from one to two times per raontli, 
according to its condition, which would be quite sufficient in 
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most cases, tims leaving from 20 to 25 days in eacli month 
for otlier work, such as collecting and breaking stone, con- 
veying it in wheel-barrows, to the road, spreading and com- 
pacting it, and keeping the gutters and side ditches free. 

A miichine-s weeper, if employed, could be used in com- 
mon upon several of the sub-divisions of the road. As it 
would not thoronghly clean out the ruts and depressions, 
especially if these be of considerable depth, its work would, 
to some extent, have to bo supplemented by hand sweeping. 

The wear upon the surface of a well built road is slow, 
and so long as the vehicles can be prevented from fol- 
lowing in each othei-'s tracks, very even, a condition of 
things which can only be maintained by careful watching. 
A slight und apparently unimportant depression, if neglected, 
soon becomes a rut, in which the wear goes on with an in- 
creasing rapidity due to the increasing force of the blows 
imparted to it as it becomes deeper and deeper. 

Tlie new material should be added little by little, from 
time to time in the depressions and deficient places, and it 
should be broken fine, in comparison with that used in the 
original constiniction, containing all sizes and shapes upon to 
the largest, which ought not to exceed one inch and a half 
in longest diameter. 

This method is strictly one of patcliing, and it should bo 
done so constantly, that the small patches of broken stone 
will never exceed one to two inches in thickness, preferably 
not more than the thickness of one stone. If done when the 
load is firm and dry, the surface of the depressions to be 
filled should be loosened slightly with a light pick, to the 
depth of Iialf an inch, so that the layer of now material may 
promptly become united with the old road, and some of the 
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fine looso materiitl cat3, with nilvautngo, be taken out and 
spread over the broken stono as a binding. The loosening 
may be dispensed with in most cases, when the mending 
takes place soon after a rain, or after spiinkling, or when 
the road is in a soft condition. 

Frequently the tendency to form a rut may bo effeutually 
arrested by sweeping into it the loose detritus from the adja- 
cent parts of the road, and the free and expert nse of the 
mke and broom will be found of great advantage at all stages 
of the work, 

Penfold says that the ruts formed by wheels ought not to 
be filled up with loose broken stone, thus forming a ridge of 
materials possessing greater hardness than the parts imme- 
diately adjacent thereto, but that the rake should be worked 
back and forth across the i-ut and on either side of it, the 
object being to unite the old loose material with the new, in 
some degree at least, so that the patch will be as little unlike 
tho unrepaired ]iortions as possible. By this method of 
mending, a cubic yard of stone will nsually suffice for a 
Bupei-ficial rod of depressions and inoipient riits. The cov- 
ering of large areas, exceeding eight to ten square yards, 
should not be uiidertaken at one time, and where there are 
several depressions inclose proximity to each other, the worst 
should bo patched first, and allowed to get even and solid, 
before the others ai-e taken in hand, 

"Itisoneofthogrcateet mistakes in road making that can 
be committed, to lay on thick coats of materials, and when 
understood, will no longer be resorted to. If there be sub- 
stance enough alrejidy in the road, and which indeed should 
always be cai-efully kept up, it will never he right to put on 
more than a stone's thickness at a timo. A cubic vard, 
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nicely pi cpditd aiid broken la bi.fnt, dcsriiboJ to a rod 
BapGificial will bo qnito cnou'h 1 i i eo»t and i£ accu- 
lately nohcel will I>e found to li^t as long as loiible the 
quiutitj put onunpiepaied ind la thick la^ci« There U 
no grindin^ to piLces when so applied the angles are pre- 
seived and the mitenil la out of sight and mcoiporated in 
a veiy little time. Eaeii stone becomes fixed directly, and 
keeps its place ; tlicrcby escaping the wear and fretting 
which occur in tlie other case." (Penfold.) 

Even in this patching process, rollers are sometimes em- 
ployed for consolidatiHg the stone, hot by the judieions use 
of rammers weighing from 13 to 30 pounds, iu conjunction 
witli rakes and brooms, with which the wJieel tracks are 
promptly effaced, and filled in, and the new stone slightly 
covered with detritus to bind it together, rollci-s may be dis- 
pensed with. 

The deeper tlie depressions and ruts to be filled, the 
larger tlie fragments of atone nsed for repairs may be, np to 
the standard adopted for new roads. In a long coiitinned 
season of drought, the road becomes baked and the metal 
begins to loosen after a while and consequently wears away 
with increased rapidity. In such cases gi-eat injui-y would 
ensue unless precautions are taken to fix the loose' stone and 
restore firmness and stability to the surface layer. This can 
be done effectually by moderate sprinkling and light ram- 
ming or rolling, care being taken to eo regulate tlic supply 
of water that it shall resemble a gentle shower of raiu in its 
effect upon tlie surface, but not render the draught lieavy. 
Too much water, by softening the biuding layer on to]i, 
allows the stones to work upon each with increased grinding 
power. 
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This system of maiiiteuaaiee for roivds of moderat* traffic 
Ecems open to tlic objection of being unnecessarily expensive, 
bnt observation and experience liave fully demonstrated that 
Buch is not the ease, and that the " stitch in time " policy 
applies herewith peculiar and significant force. It is not 
only vastly cheaper to maintain such a highway in good con- 
dition, for a given traffic adapted to it, than to pay the extra 
expense of conducting the same traffic on a bad road, bnt it 
is also vastly cheaper to keep the road in excellent order than 
it is to restore it to that state after a period of injurious 
neglect, daring which it has become filled with deep ruts, and 
thickly covered with dust and mud. 

A capital 'distinction must bo made between the method 
here inculcated, which involves a constant and nucoasing 
daily and hourly care of a road, in oi-der to arrest every in- 
cipient tendency to deterioration upon its surface, and any 
and every other method whatever, whether by frequent 
repairs ; or only occasional repairs ; or by repairs at long 
intervals. The first only embraces the true principle, that of 
prevention. All the others axe cures. 

The French engineers of the Corps des Ponts et Chaussees 
were the first to give anything approaching to an exhaustive 
practical stndy to this question. It was found that in pro- 
portion as the intervals between the periods of repairs were 
shortened npon roads of small traffic, two important and 
valuable results invariably followed, viz., tliat the annual ex- 
pense was lessened ; and that the roads wore always in better 
condition ; and finally that the I'oads were never so good, nor 
the expense of maintenance so small, as when the system 
of Hnremitting and minute attention was in full opera- 
tion. 
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Among the statistics bearing upon anrl clneidating this 
brancli of the subject, room is here made for the following 
extract : 

" The following took place with respect to the high i-oads 
of the Department de la Sarthe, somewlmt less than 250 
miles in extent. 
In 1793 a demand was made to put tliem in com- p ^^-^^ 

plete order for £15,280, or . . .£(iO 

Jp 1S34 the demand was above 0,000, or 3fi 

III 1836 tbe demand was above 7, TOO, or 31 

In 1839 the demand was above C,G10, or 20 

And the roads have beeome better concuiTcntly with tlio 
reduction in cost of maintenance, from being in 1793 in 
deep rutSj to 1839, when they were in very good order. 

Part of t}ie great road between Lyons and Tonlonse, till 
1833, was in a dreadful state, and yet it had cost habitually 
about £110 per annum per English mile for maintenance, 
when Mr. Berthault Ducreux introduced a system of patch- 
ing instead of general repairs, since when, the road was 
gradually improved, till it was in a very good state, and the 
annual expense reduced, by £13 or £14 per mile " (Gen. Sir 
John P. Biirgoyne, Bart.). During tlie period from 1833 
to 1845 the traffic on this road never reaciied an average 
daily tonnage of 600 tons. From 1845 to 1852 it increased 
to over 900 tons ; in 1856 it had reached 2500 tons with a 
steady increase still going on until it touched 2800 tons, 
when, upon the opening of a pai-allel raih-oad from Saint 
Etienne to Firminy, it fell ofE to about 2000 tons, which it 
maintained up to the last published reports in ISfio, It was 
not therefore until 1845 and subsequent thereto, that the 
amount of traffic on this road was sufficiently great to render 
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a change hi the metliod of niainteiiaiice eithe 
expedient. This road will be farther discussed ivheii trcat- 
ing on the method of maintenance by periodical reconsti-nc- 
tion Tvith intermediate repairs. 

In anotlier ease, that of the road from Tours to Caen it 
■was i"eported in May 1836 to be in such bad condition as to 
I'eqnire the expenditure of £3,000 on the entire line, to pre- 
Teiit the danger of its becoming impassiible. It had been 
the subject of ocmsiowil repairs from 1833 to 1836, both 
included, at an annnal cost of £9'?8 for material and labor. 

In January, 1837, M. L. Dumas of the Corps des Fonts 
et Chaossees was placed in charge of it, when in its worst 
condition. It was af terwai-ds kept up by the method of con- 
stant and minute repairs. In August, 1838, it was re^wrted, 
upon inspection, to be in a very good state, and it subse- 
quently became better from year to year, at an average 
annual cost, from 1837 to 1841, a, period of five years, of £820 
for labor and material. 

In 1834 the mail coach required five horses to draw it, 
and the eeiTiee was so severe upon them that eleven died 
from over-work during that year. After 1838 only two 
horses were necessary to draw the eoaeh, which they did 
without loss of animals or over-fatigue. Omitting all eon- 
sideration of the cruel destruction of animal life inflicted by 
the bad road, there was in this ease a saving, under the new 
and proper system of maintenance, of about 13 per cent per 
annum in the expense of labor and material put upon the 
road, and 350 per cent per imnum in the amount of annual 
power required, for a specified item of traffic. 
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Maintenance of Broken Stone Roads of large 
TraS&c. 

Experience upon the French roads seems to iudicatc that 
when the amount of traffic exceeds COO tons per day over a 
road of 10 to 18 feet width of metal, the metliod of mainte- 
nance above described, by minnte daily repairs, is not the 
most economical. 

The weaa' of material is not in direct ratio to the ton- 
nage passing over it. Other conditions remaining the same, 
it augments much more rapidly than the tonnage. 

It is believed that for roads of great traffic the method of 
maintenance by periodical reconstruction, accompanied by 
partial repairs or patching during the intervals, offers supe- 
rior advantages in respect to cost of labor and interference 
■with traffic, than the one of minute and constant i-e- 
pairs. 

Tliis metiiod consists in allowing tiic broken stone cover- 
ing to wear down gradually and — so far as its wear can he 
controlled — evenly, limiting the work upon it to the preser- 
vation of its unity of surface, by filliug in holes, depressions, 
and incipient mts, with small quantities of stone, not rising 
above the general surface, and therefore not intended to 
restore that surface to its original height. Tlio surface of 
the road is therefore constantly kept in good condition, and 
its resistance to draught at a minimum. 

AVhen the road covering, however, lias been worn down 
to a thickness of 4 or 5 inches, a thorough repair to the ex- 
tent of a restoration of the original thickness is made. 

Experience has shown that the porioi of this general 
repair should not bo deferred beyond a certain point, and 
C* 
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that re-fll!ings of 3 to 4 inches io tliiukiiess arc preferable 
to heavier ones. 

The new layer, after being carefnlly spread to the required 
thickness, should he compacted with heavy rollers. 

The season of least traffic ia selected for this work, and, 
in oi-der to lessen the interference with travel, the road-way 
may be covered and rolled upon only one-half its width at a 
time, and the rolling may bo done at night, 

This method has the advantage of providing a road sur- 
face which remains in a compact and regular shape for .i 
long time after each periodical rolling is completed, during 
which only occasional and insignificant repairs are needed. 

Some practical precautions, howoveii ehonld bo oh- 
sei'ved, viz. : 

1. The re-laying and rolling shonid, if possible, be done 
in wet weather. . If dry weather cannot be avoided, the 
road shonid be sprinkled rather copiously, so that the now 
material will unite readily with the old. A light picking 
up of the old crust will help materially to cfEect this union. 

2. The new material after being carefully spread, should 
be repeatedly sprinkled and rolled until the stones are well 
pressed together into a compact layer, with an even and 
smooth surface. Then a layer of sand, or stone dust, or 
detritus, not exceeding half an inch in thietness, is spread 
over the top, lightly sprinkled with water and again i-ollod, 
ill order to force it well into the voids of the new material. 
It is important not to put too much sand on at once. A 
repetition of thin layers is better than an excess in the first 
instance. 

3. The wear of a road is represented by the decrease in 
the thickness of the stone crust, and the only reliable means 
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of finding this out eoiTcctly is to take occasional sonudiiigs 
to ascertain not only tlio thieknesa, but the composition 
oE tlie road covering, with respect to solid material and 
detritus. 

It liiis become ciistomary to express the wear of a road 
in functions of its tonnage rather than of the number of col- 
lars, for the evident reason that a collar may repi-esent only 
half a ton npon some roads and more than a ton upon others. 
But even the tonnage ia not entirely reliable as a basis of 
comparison, and nnicli deix^nds on the kind of material used 
for the road covering. 

The following tiihlo gives some of the results obtained 
on the roads in the Department of the Loire, Finance, from 
1857 to 1860, as reported in 18G5, by M. Oi-aeff, engineer- 
in-ehief des Fonts et ChaussiJes. The road covering was 
schist, and about 31 feet in width. 
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Some of the roads in tlie arrondissemont of St. Eticuno, 
bnilt with basalts, furnished the following data : 
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1300 
3000 


373 
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.„..„ 


t repairs 


3000 


480 



TliG foregoiug tables show (1) that tho destruction of 
road material increases much more rapidly than the tonnage ; 
(2) that the tough basalts are much more valaable for road 
coyermgs than soft schist ; and (3) that for roads of large 
traffic the system of maintenance by periodical reconstruction, 
accompanied by anch intermediafco repairs, more or less con- 
stantly, as ivill secure hardness and smoothness of surface, 
and uniformly diminishing thickness, is superior to tho one 
of minute and constant repairs esclusirely. Indeed, it is 
now generally admitted in France, that this last named sys- 
tem is not advantageously apjilieable to roads upon which 
tho dailv tonnage exceeds 600 tons. 



Curves of Tonnage and Wear. 

The French engineers arc very cai-ef ul and metliodical in 
collecting data, and arranging them in convenient form for 
practical use. Having ascei'tained by careful and systematic 
observation, the average daily tonnage, and the annual wear 
of materials upon ditierent portions of a road of given width, 
or upon different roads, cuitcs may be constructed with the 
average daily tonnage abscisses, and the quantity of material 
worn out annually upon any unit of length — say 1 mile — as 
oiviinates. A separate eni've for each kind of road materia' 
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employed should be made, aa shown in the diagram Fig. 45, 
wliich exhibits tJie resiilts obtained on certain routes in the 
Department of the Loire, France, already referred to. The 
wear of f onr different kinds of stone was observed, viz., Sehisfc, 
Quartz, Granite and Basalt. The width of tlie road cover- 
ing was 31 feet. The lower horizontal line gives the average 
daily tonnage for different years, or upon different portions 
of the road for the same year, all measured from the zero 
point on the loft. The left liand vertical line sliows the 
yearly wear of road material in cubic yards per mile of road. 
The curve for scliist was obtained by M. GraefE, who states 
that the deviation of the points D and E from the general 
curve may he ascnbed to the mass of detritus brought upon 
tlio road by the exceptional traffic caused by the caving in of 
a neighboring tunnel on the SL Etienne and Lyons railroad. 
If the wear upon the road was proportional to the amount 
of ti-aific, tlie law would be expressed by straight lines 
instead of cunes. The line for schist would pass through 
the points and A, intei-secting the ordinate con-esponding 
to a daily tonnage of 5400 tons, at the point M, indicating 
an annual wear of only 3097 cubio yards, whereas the actual 
observed wear for that amount of tonnage was 9934 cubic 
yards. The obaeiTations on the wear of Quartz, Granite and 
Basalt were made by M. Montgolfler, and althoagh not so 
numerous as might be desired, being limited to a daily traffic 
of 1800 tons for granite and quartz and 3000 tons for basalt, 
they still give an idea of the relative value of these materials 
for road covering. The ordinates of these three curves cor- 
responding to the abscissa of 5400 tons daily traffic, were 
obtained by calculation, on tlie assumption tliat the ordinates 
of the several curves for any one abscissa bear the same rcla- 
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tion to each other as for any other abscissa. The following 
proportion gives the point K on the basalt curve. 
480 : 1986 : : PK : 9934 
PK=2405 cubic yards. 
Ucsidcs tlie important dediietion tliat no road can be 
maintained on tlie hypothesis that tlie wear is proportional 
to the tonnage passing over it, tlio diagram also shows that 
the nceossifcy for employing only the best material, even when 
f]iiitc expensive, increases rapidly with the tonnage. 

Apportionment of materials. 

The apportionment of repairing materials, under tho 
metliod of maintenance by periodical roconstrnction, may be 
expressed by the formula nxCI=A+nxE, in which n=the 
number of years intervening between tho periods of lecon- 
struction or rolling, 

C=the number of cubic yards of wear per ycai-, per 
mile. 

E=the mean number of cubic yards ])er year, per mile, 
for small repairs. 

A= the meait number of cubic yards required for rolling. 

C and A become known for each road by careful observa^ 

tion for a sufficient length of time. E varies from year to 

year during a period of n years, being smallest in tlie year 

immediately succeeding a re-rolling, and largest in the year 

preceding the nest rolling. In practice B will never osccc'l 

^ C, but will increase from zero to ^ C in n yoai-s, with a 

mean average value of i C, from which there results tho 

,■ , , , i A 
4iractic!il rule oi n= x- j-;. 

It maybe assumed that of t!ie whole quantity of material 
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required for one period, by this eystem of maintenance, 35 
per cent will be consumed in small repairs, and 75 per cent 
ia one mass for i-e-rolling, and that the period lasts S years. 
It is the opinion of M. Graeff that upon roads of largo 
traffic tliis system of maintenance, as compared with the oiio 
of constant repairs, effects a saving of material that may, in 
some eajses, amount to 40 per cent ; and that during a period 
of thi-ee and a half years, upon certain obsci'Ted roads in the 
Department of the Loire, the saving of labor was 10 per cent. 

Silaintenajice of Gravel Roads. 

The maiutenauce and repairs of road -coverings composed 
of gravel, or of a mixture of gi-avel and broken stone, inay 
be conducted upon tlie same principles, and by the same 
methods applicable to those of brolcen stone. 
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CHAPTER Y. 

STUEETS AND STREET PAVEMENTS. 

AsTREET, iiiacityor toivtiwliere the best ordered moilm'n 
devices for promoting the comfort, convenience and healtli 
of tlie inhabitants have been introduced, should j>ro¥ide, 
upon and beneath its surface, (1) for the accommodation of 
ordinary travel and traffic, (2) fortho drainage of the surface 
and subsoil, (3) for conveying away the fsecal and hqnid 
refuse called sewage, and (4) for eondneting water and gas 
to the inhabitants. 

The subject of providing facilities for canjing on the 
necessary travel and traffic of a street, by suitably draining 
and paving its surface, is properly embraced in the design 
and scope of this work. A few brief suggestions with regard 
to sewerage and sub-drainage will not be out of place, before 
proceeding to a description of street pavements. 

The importance of sowers in their relation to the health 
of a people cannot well be overstated. Those of ancient 
times were generally designed to receive and convey away 
both the faical refuse and surface water, and those of some 
of the best sewered cities of the present day have been 
planned and constructed with the same objects in view. 
The early sewei-s of England carried oft the surface drainage 
only, the fEecal matter being generally coliected in cess-pools 
located beneath or very near the habitations of the people, 
until the year 1847, wlien it was made obligatory to pass it 
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into tlio sewers. lu districts where the sewage is used for 
enriching the land, the question o£ its separation from the 
rain-fall may he an impoi'taut one. On tlie other liand the 
suifaee drainage of streets that are closely built up, or where 
the traffic is heavy, is quite as impure, in time of moderate, 
or during the first stages of heavy rain-fall, as any sewage, 
and it miglit he unwise to ailow all of it to flow directly into 
the fresh water courses of the neighborhood, in loealitics 
where the purity of those streams could he preserred by 
passing it into the sewers. In some cases the sewers take 
only the moderate rain-falls, the rain-fall pipes being so 
arranged that when their contents attain a certain Telocity, 
tlie sewer ceases to intercept it in whole or in part. Cir- 
cnmstanccs of a local character, will control the plan and 
details of a system of sewerage, to such degree, that no uni- 
versal rules for the guidance of the engineer can be laid down, 
aithongh there are some general principles applicable to 
every locality. Even when the question of the manurial 
Vidite of the sewage is to ho considered, it will not always be 
judicious "to convey the rain-fall to the rivers and tlie sew- 
ago to the land," which is advocated by some sanitary writers 
as an unexceptionable rule. 

Inasmuch as sewers are or should be water tight, as 
otherwise the contamination of the surrounding soil, and 
consequently of the atmosphere, by lealiage, would be the 
certain result, they in no sense, when properly constructed, act 
as drains, by lowering the subsoil water-level. In well paved 
streets very little of the rain-fall is absorbed into the soil, 
hut finds its way into the eewer, or other channels provided 
for it, and were it not for tlie unpaved areas, including hack 
j'ards and unimproved Sots, the question of draining tiie soil. 
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in built-np streets would not, pci'liaps, possess great impor- 
tance, especially if the soil be of a sandy or gravelly eharacter. 

It haa been shown in Great Britain, from carefully pre- 
pared statistics, that the death rate from pulmonary diseases 
was reduced 50 per eeut by sewering certain towns in such 
manner as to lower the subsoil water by drainage, while 
in other towns sewered with impervious pipes through- 
out, with no provision for drainage, there was no decrease 
in the death rate from consumption. Some provision for 
subterranean drainage should therefore be made without 
using the sewers for that pnrpose, althongh the biying of 
sewers alone, by cutting through the vai'ious imperviotia 
strata, invariably results in the drainage of tho surrounding 
earth to a greater or less degree. 

It ia easy, when constructing the sewers, to arrange an 
effective system of subsoil drainage, generally at a moderate 
cost. There are several ways of doing this, among which 
the following may be mentioned : 

First. The method by perforated inverts, gives when 
the invert blocks are laid' a series of continuous channels in 
the lower portion of the sewer. The joints between the 
invert blocks ai-cleft open on the sides and bottom, but are 
closely filled and pointed with mortar between the sewer and 
the longitudinal channels, to prevent the escape of sewage 
into the latter. 

Second. Make the foundation of tlie sewer itself serve 
the purpose of a blind drain, by forming it of well com- 
pacted broken stone of various sizes. Between the broken 
stone and the earth on either side, a vertical layer of straw, 
day, or fine brush may be placed, to prevent tho choking of 
the drain with soil. 
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Third. Make a blind drain on each side of ibe sewer, 
by filling in with broten stone or a mixture of stone and 
coarse gravel, instead of ordinaiy soil. 

Fourth. An ordinary drain of brick like any of those 
shown on page 56, or & tile drain, on eaeli side of the 
ECiver foundation ivill answer as well as any other, and can 
easily bo laid at less cost than a blind drain of stone. 
Whatever method he adopted, it ahonld be such as will secure 
a thorongh drainage of tlie soil to the level of the floor of 
adjoining cellars. The areas in rear of the honses may be 
drained by either tile, brick, or blind drains, conneeted by a 
single pipe with the house drain, and thence with the sewer. 
As the arfaugement of these drains, their relation to the soil 
pipes, and the location and design of the necessary traps 
and ventilating shafts, to prevent the escape of sewage gases 
into the lionses, belong to the province of the sanitary engi- 
neer, no fnrtlicr reference to them need bo made here. 
The treatment of the street surface will next he considered. 

Street Pavements. 

It is desirable, for several reasons, that the surfaces of 
streets through large towns and cities should be paved. 

The essential requisites of a good street pa^ ement are, 
that it shall be smooth and hard in order to promote easy 
draft; that it shall give a firm and secure foothold for 
animals, and not become polished and slippery from use ; 
that it shall be as noiseless and as free from mud and dust 
as possible ; and that it shall be easily cleansed, and shall 
not absorb and retain the surface liquids, but facilitate their 
pi-ompt discharge into the side gutter catch-basins. It 
should also be of such matciial and couttruction, that it 
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can bo readily taken up in places, and quickly and fimily 
]T!aid, so as to give easy access to water and gas pipes. 
I^'acility of repairs at all seasons of the year is another impor- 
tant requisite. Economy of maintenance and repair require 
that the material at the surface shall ho durable. 

All the road coverings heretofore described arc wanting 
in one or morc of the most important of these qualities, while 
they possess beyond doubt, some of those that are least essen- 
tial, in even a greater degree than the best street cover- 
ings. 

Eoad. surfaces of broken stone or gravel, produce less 
noise, and give a more secure footing for hoi-ses than blocks 
of stone or wood, or a continuous surface of asphalt or other 
material, but they require such constant supervision to arrest 
the formation of I'uts, and are so infested with either dust 
or mud, as to render them greatly inferior to a good stone or 
asphalt pavement for streets subjected to heavy traffic. An 
exception may perhaps be made in their favor upon sub- 
urban streets so extensively devoted to light travel or pleas- 
ure driving, aa to justify the ex])cnso of frequent sprinkling 
by day and sweeping by night. These kinds of- road 
coverings are also conceded to be excellent for the drives 
in public parks, and there are cases where the principal 
thoroughfare leading thereto eliould be constructed after 
the same method, and maintained with the same care, as the 
park drives, especially if the bulk of the travel and traffic 
over it be of a light character. They should be swept every 
night, and in dry weather sprinkled repeatedly during the 
day. Carts conveying the materials for repairs, whether 
gi-avcl or broken stone, should be kept constantly upon the 
street, especially during thoce hours when it is least fre- 
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(liiented, so tliat all ruts and depressions may be promptly 
Gllod as soon as tliey begin to appear. 

It must be admitted, however, that there appears to bo 
no trustworthy reeord of any urban street of this kind, 
in a thickly settled district, which has been maintained in 
eueh manner, that the inconvenience and annoyance inflicted 
by dust and mnd upon the residents or people doing business 
on either side, did not in reality amount to a most serioua 
public nuisance. 

Pavement roundations. 

The object of a pavement being to secure a hai'd, even 
and durable snrface, and not to any considerable extent, nor 
necessarily, to support the weight of heavy loads, it is evident 
that the surface ■will soon snbside unequally, forming ruts 
and depressions, unless it rests upon a firm and solid founda- 
tion. A good foundation is as necessary for the stability of 
a pavement as for that of any other construction. 

Biid foundations invariably produce bad pavements 
sooner or later, while with a good foundation the quality of 
the surfa<!0 upon which the wear takes place, dcpoiids upon 
the material used for paving, and the manner of laying it 
down. 

Amo'.ig the suitable foundations for a pavement, provided 
the thickness be adapted to the character of the subsoil and 
tlie nature of the traffic, are the following : (1) Hydraulic 
concrete, aix to eight inches in thickness ; ("J) rubble stones 
set on edge, but not in contact, with the interstices filled in 
with concrete ; (3) nibble stones sot in contact, on edge, like 
the sub-pavement of a Telford road ; (4) cobbh; stones firmly 
set in a form of sand or gravel ; (o) small Hibble stones 
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of 1-andooi sizes, in a well-compacted layer ; or (G) a layer 
of broieu stone laid in the niauuer of a Miicadainized 
road. 

Sand foiindutioiis are in most common use. They arc 
desciibed beloiv, in fclie paragraphs on cobblestone pai'emeiits. 

Foundation of Broken Stone. 

Broken stone foundations are prepared in all essential 
respects like a Macadamized road. They shonld generally 
be not less tlian 8 to 10 inches tliick, or the usual thickness 
of a good road coyering of broken stone. If the soil be of a 
yielding, soft nature like most claySj there should be a sub- 
foundation of sand or gi-avel, suitably rammed in layers, for 
tlie broken stone to rest upon. After the first layer of stone 
is spread upon the excavated road-bed or upon the sand form, 
the street may be opened to traffic, or, to hasten the opera- 
tion of consolidation, rollei-s may be used upon it. A second 
and a third layer follow. In spreading the last layer, the 
required form of transverse section of the road surface is 
earefolly established. Tlie foundation is finished with a 
layer two to three inclios thick of clean gravel, and the 
pavement is laid thereon, as hereinafter described. 

Foundation of Cobble Stones. 

The cobble stone pavement set in a sand form, of which a 
description is given below, although furnishing a very inferior 
street surface for the reasons therein given, forms a good foun- 
dation for a pavement of stone blocks, and has frequently been 
utilized as such in the reconstruction of old cobble stone roads. 

In setting the cobble stones loss care would bo necessary 
in their selection with a view to placing those of the same 
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eizo togctliev, than if they were themselves to form the i^oad 
eurlace and sustain the traffic. 

The Cobble Stone Pavement. 

The cobble stone pavement ia the one in most general 
use in the United States, especially in new towns and cities, 
though entirely wanting in most of tlie essential requisites 
of a good street surface. It is formed of rounded or egg- 
shaped hard pebbles, varying in length from G to 10 inches, 
and in width from 3 to 6 inches. They are set side by side, 
in close contact with each other, with tlieir smallest ends 
down, in a bed or form of clean damp sand or small gravel, 
previously compacted in layers upon the natural soil. 

Tills sand foundation should be from 8 to 10 inches in 
depth, depending on tlie nature of the sub-soil. Before 
forming it, the road bed, after it has been excavated to the 
proper depth, is tlioroughly consolidated by ramming or roll- 
ing. The sand should be compacted wliile in a moist state. 

The cobble stones, after being set in position, ai-e iirmly 
settled to their beds by a heavy rammer, so as to bring their 
tops to the required roadway surface. Several rammings 
are sometimes necessary to secure their oven adjustment. It 
is usual to give the required convexity to the surface — about 
1 in 40 to 45 from the centre to the side gutters — by placing 
the largest stones in the middle, and suitably graduating the 
sizes toward the sides. 

After the pavement is laid a layer of sand or fine gravel, 
two or three inches thick, is spread upon the snrfsice and 
allowed to work its way in between the stones. 

Tlic defects of this kind of pavement are that its resist- 
ance to traction is great, while it is noisy, rough, and diEB- 
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cult to clean. The stones ai'e liable to be prcisod down 
unequally into the sand foundation, resulting in ruts and 
depressions which necessitate frequent repairs. It is severe 
npon vehicles and animals, and very unpleasant to travel 
over. 

In laying cobUe stone pavements in the city of Now 
York, the usual i-equirements are tliat "The pacing atones 
must be heavy and hard, and not less than sis inches in 
depth, nor more than ten inches in any direction. Stones 
of similar size are to be placed together. They are to bo 
bedded endwise in good clean gra^ el, twch e inches in depth. 
They shall all be set pcrjiendicularly, and closely paved on 
their ends, and not he set on tlieir sides or edges in any 
cases ivliatevef." 

Sand is unsuitable for a foundation, except when in a 
confined position where it cannot spread or escape laterally, 
as is usually the case when compacted in the excavated road 
bed. It should be clean, and if mixed with gravel, screened 
from all grains exceeding one-fifth of an inch in diameter, 
and compacted in the foundation while moist, by ramming 
or rolling it in layers not exceeding four inches in thickness. 
When all these conditions are imposed it forms a cheap and 
tolerably good foundation for a pavement. 

Sand from the sea shore, or beach sand, from wiiich al! 
earthy matter has been waslied, cannot he thoroughly com- 
piujted by ramming, on iiecouut of the entire absence of co- 
iicsion among the gi'ains, which causes it to slide from under 
and loosen up around the rammer at each blow. Sand of 
tliis quality should be consolidated by rolling, or if rollers 
cannot he had, clayey or earthymatter should be mixed with 
it i]i such proportions as cxporieucc in each ease may suggest. 
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Old Roads as Foundations. 

Au old road, ivlictlicr it be paved, Macadamized or 
graveled, will generally be found to fnrnisli a good fonnda- 
tion for a new pavement, cave being taken to bring its sur- 
face to an even state, and to the required form, by removing 
all large elevations and depressions. If the old covering be 
cobble stones, the interstices at the surface should be cleaned 
out and then filled with clean sand or small gravel, well 
compacted, or, better still, with hydraulic mortar, or with 
concrete of which the halhist contains no fragments or gravel 
exceeding half an inch in largest diainetor. 

Rubble Stone Pavemen!;. 

The rubhlc stone pavement (Fig. i6), resembling the 
imcoursed portion of some ancient optis incertum, is formed 
with fragments of efcone of vaiious shapes and sizes, laid 
closely and compactly together, so as 
to form as even a surface as possi- 
ble, but not in lines or courses. It 
is superior to the pavement of ronud- 
cd pebbles, inasmuch as it may be 
made more even. It will therefore otTer less resistance to 
traction, and be less severe upon vehicles and animals. The 
fragments of stone are stieh as can usually ho selected, or pro- 
duced with very little labor from the refuse of a stone qnari-y. 
The dimensions may vary from 3 to 6 inches in breadth and 
C to 13 inches in length, while the depth, to prevent their 
tilting up, should not be less than 5 or 6 inches. They 
are laid like cobble stones, in a form of sand or gravel, each 
stone being earcfiilly adjnstod to its place, so that when it 
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has been properly rammed its top fiice will coincide with 
the reqiiired sui-faee of tlie paTemeiit, Continuous joints in 
the direction of the draught should he avoided, in order to 
guard against the tendency to wear into ruts. To this end 
the long stones should not bo sot with their largest dimen- 
sions parallel to the sidewulkg, 

A i-nhble stone pavement laid in the manner above indi- 
cated, forms a good foundation for a pavement of stone 
blocks, and they may be laid npon a layer of sand or gravel 
about one inch tliick, or in a bed of cement mortar, preferably 
the latter, although attended with some extra expense. 

Concrete Foimdations. 

Foundations of concrete, for street pavements, may be laid 
by the same method, and the concrete should be made after 
the Same formula already laid down for roads, except that 
they should generally be somewhat thicker, to enable them to 
withstand the heavy traffic which passes over them in most 
cities and largo towns. Upon firm and nearly incompress- 
ible soils, a tliieknesa of C to 7 inches properly rammed in 
onft or two layers, will ordinarily sufBce, but in soils of a 
spongy, elastic nature, or largely composed of clay, a thick- 
ness of 8 to 9, or even 10 inches, will not be excessive. 
Though the most costly, it is the best street foundation, all 
things considered, that has yot been devised. In a few weeks 
after laying it becomes a strong, solid monolith, and even if 
it should crack in many places, in consequence of the great 
and varying loads upon it, or from uneqiial powers of resist- 
ance, and therefore unequal subsidence of the underlying 
soil, its superiority to any other kind of bottoming can 
scarcely be doubted. Perhaps not the least of its many 
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advantages is tlie protection it aflorda against frost in high 
latitudes, subjected to long continued cold weather, such fia 
pi-evai!ed in the northern portions of the United States, 
and in the Canadas during the winter of 1874-5. It was 
then observed that in Broadway, New York city, where the 
stone-hlock pavement rests upon a concrete foundation, the 
wat«r and gas pipes were almost entirely exempt from injury 
by frost, while in the side streets, and notably in Fifth Avenue, 
which is covered with the Belgian blocks set in a sand foun- 
dation, the pavement had to be taken up to such an extent, 
and in such numerous places, as to cause serious annoyance 
to the traffic, to say nothing of the expense incurred in 
repairs, and the permanent injury to the street. It is im- 
possible to take up a pavement in places, and relay it in the 
same condition in which it was found. 

Rubble Stone Foundations. 

Kuhblc stone foundations for street pavements are cou- 
striicted in essentially the same manner as for roads. Their 
thickness, however, should rarely be less tlian 8 to 10 inches, 
and tliey should not be resorted to, if the road bed is com- 
posed of easily compressible, or spongy soil, in which tho 
stones comprising the lower layer would fail to find a firm 
and stable bed. 

After the stones have been laid down to the roquii-ed 
thickness, the surface should bo made as oven as possible, by 
breaking the stones of the top layer into small fragments, so 
as to fill on tho surface interstices. Tor this work tho long- 
handled hammer described on page 73, will bo found to 
answer very well. There should then be spread on the sur- 
face a layer, 3 or 3 inciies in thickness, of binding material. 
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encli as the detritus of the stone yards, or a mixture of clay, 
sand and gravel, or ordiiiurj hard pan, or unscreened 
gi-avel. 

Tlie road may then be thrown open to traffic, or eompacttjd 
by rollci-s, the ruts and depressions being constantly raked 
in. When the surface has beeome hard, smooth and even, 
a layer of about 2 inches in tliick nesa of clear gravel is evenly 
spread thereon to receive the paving- blocks. The top surface 
should be adjusted parallel to that of the linished street, 

This foundation, therefore, is nothing more than a sub- 
stantial road covering, consisting of a rather deep bottoming 
of rubble stone, surmounted with a thin surface finish of 
Macadam stone and binding material. 

Poimdatione of Rubble Stone and Concrete. 

Pavement foundations of rubble stone, filled in with 
cement-concrete, formed after the general directions given 
on page 105, doubtless rank next to those of cement-concrete 
alone, in firmness and durability. Their thickness may vary 
from C to 8 inches, if the road bed be mostly clay of a yield- 
ing character, or if it be elastic or spongy. 

In order to economize in the coat of the concrete filling, 
care should be taken when laying down the rubble stones, to 
adjust their upper edges somewhat evenly, so as generally to 
bring them into a surface parallel to that of the finished street. 

Sidewalks and Side Gutters. 

For the convenience of foot-passengers, streets must bo 
provided with sidewalks, on cither side. Their width, 
which will depend upon the space that can be spared from 
the carriage way, the kind of traflie carried on in the locality. 
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and the number of people requiring daily aceommodatiou, 
should seldom be less than six feet, or more than fifteen. 
They are nsnally paved with flagging stones, brick, asphalt, 
wood, or cement-eon Crete, or some other variety of artificial 
stone, i\a described in CInptci VI. and should slope toward 
the street not less tlnn 1 muh m nine or ten feet, in order 
tliat the snrfnce w itei miy bt. tonveyed promptly into tlie 
side gutters 

The ctiiiage way is iseparatcd from the sidewalk by a 
line of flagging stcnes, «unk into the ground on their edges. 
These are called euib stones, ind form the outer side of the 
sidegntteis and suatim the sidewalk, with the pavement of 
whieli then npjier edges irt, set flush, so that the water can 
flow over them into the gutters Their lower edge should 
extend at least C, and pieft,iably 8 or 10 inches below the 
surface of the street pavement, to which they act as a kind 
of abutment. 

It is usual to pave with special care for a width of 14 
to 16 inches, the lowest portions of the street on either 
side, called the side gutters, where the pavement meets 
the eurb-stones. The slabs used for this purpose, called 
guttcr-stonea, or simply gutters, are laid flatwise, so that 
their npper faces form a part of the street surface. In 
the city of New York the curb-stonea for the best paved 
streets are required to lie not less than 3 feet long, 20 inches 
wide, and 5 inches thick j and the gutter-stones not less 
than 3 feet long, 14 inclies wide and 6 inches thick. In 
streets crowded with traffic there is this objection to gutter- 
stones of uniform width, that the continuous longitudinal 
joint between the gutter audtho rest of the pavement, wears 
into long, deep ruts, or grooves, whicli cause severe strains 
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upon tlio niiming gesiT of veliieles, when the wheels, having 
once entered the rut, attempt to leave it. A remedy for 
this evil would seem to be to break the continuous joint, by 
making the gutter-stones of different widths — eiiy 13 inches 
and 15 inches alternately, as shown in Fig. 47. Pavements 
for sidewalks are more fully described in Ciiaptor VI. 

Pavement of Stone Blocks. 

Although the form and dimensions of paving blocks have 
been the subject of much discussion, all authorities agree 
that the material should possess in a superior degree the 
qualities of toughness and hardness, so that it shall not 
crush, nor wear away too rapidly, under the efEects of the 
traffic conducted upon it. It is also very dcsiroble that the 
stones shall not polish and become slippery. While there 
may be considerable variation in tlie widths and lengths of 
blocks for the same pavement, they should be of nnifoim 
depth, or very nearly so, if the foundation be other than a 
form of sand or gravel. Were it otherwise the blocks of 
least depth would rcr|uire to be underpinned at considerable 
extra cost, either with good mortar, or stone chips laid in 
mortar, in order to bring their tops to the required height. 
If a thick joint of sand alone be placed between them and 
the foundation, they will subside more than the blocks of 
proper depth which surround them, under which the layer of 
sand is very thin. The condition therefore that the blocks 
shall settle equally, requires them to be of uniform depth. 

Hence, for pavements laid in mortar, the blocks should be 
of nearly uniform vertical thickness. As each stone is liable 
to have upon it the entire weight of the load carried by one 
wheel, it should bo sufficiently largo to resist crushing, and 
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be so flrmly supported uiiderneatli as to resist depression. 
In the direction of tho drauglit, it eliouM be no broader 
than tlie length of a liorae's shoe, say not exceeding 4, or 
at most 4^ inches, in order that the joints between the blocks 
may give a finu foothold at eacli step without slipping. 
Their depth in a vertical direction should be a little more 
than double their liorizontal breadth, in order that they 
shall not tilt up on one side when a weight comes upon tho 
other. For the same i-eason, and to increase the area of 
bearing surface on the foundation, their length across the 
street, should hi< at least equal to their depth, and may 
advantageously exceed it to some extent. 

The most desirable dimensions for paving blocks are 




therefore as follows : 3^ to 4J inches broad measured along 
the street ; 9 to 13 or even 15 inches long measured across the 
street ; 8 to 10 inches in vertical depth. 

The stones ai-e placed closely in contact, on theiredge iu 
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contiuKona courses, with tlieir largest dimensions eitiior 
directly across the street as in Fig. 47, or at an angle of 45° 
to 60" with its axis. It is claimed that the latter method 
is preferable, as the blocks are then less likely to wear into 
a convex form. When the joints run crosswise, the edges 
of the cross-joints receive a more severe impact from tlie 
wheels than when the latter cross the conrsca diagonally. 

The stones of the same course must be of the same 
breadth, the broadest edge of each stone being placed down, 
when there is any difference in this respect. The joints are 
then close below and open on top, 
and should be compactly filled in with 
sand or fine gravel. Granite chips 
are sometimes wedged in between the 
blocks. Paving blocks generally give 
joints sufficiently open to secure a 
good foothold for horses, without 
rendering special care necessary to fig. as. 

attain that end. AVhen placed as in Fig, 47, the continuous 
joints mn across the sti-eet and not lengthwise of it. 

Upon steep streets the blocks ai-e sometimes arranged in 
two sets of diagonal courses meeting in the middle of the 
roadway in an angle pointing up the ascent, as shown in Fig. 
48. The joints, by sloping downwards to the right and 
left, aid the flow of surface water and other liquids int(i 
the side gutters. 

If the foundation bo concrete, or rnbble stone filled in 
with concrete, or an old broken stone, cobble stone, or rub- 
ble stone covering, in good condition, it wouid be advanta- 
geous, and produce in nniny respects a better pavement, to 
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set each stone firmly in a bed of stifl, tliough not very i-ioli, 
cement mortar, euro being taken not to disturb it again, or 
allow any travel npon it, until the mortar lias bad some 
duya to set aud barden. Some eonstrnetors recommend the 
nao of cement mortiir in the joints between tbe blocks. Tlio 
mortar for tbis purpose should be mixed with a small qiiiin- 
tity of waffir— not enough to make it plastic — and should 
tlien bo tamped into the joints, or calked in after tbe method 
pursued in pointing first-class stone masonry. 

The joints may be filled with bittimiiioiis mastic, or 
bituminous limestone, into which chips of granite or pieces 
of bard slate are compactly driven while it is wai-m and soft. 

The usual method however, ia to set the blocks in contact, 
and then to spread over the pavement a layer of clean sand, 
and allow it to work gradually into tbe joints. The sand 
however absorbs and retains tlie filthy surface liquids. 

Siuid being incompressible when in a confined state, con- 
stitutes a good filling, with the objection above named, espe- 
cially when the blocks are set in mortar, as it then has no 
avenue of escape, and readily adjusts itself, and assumes a 
new condition of stable equilibrium, for every change or 
disturbance caused by the vibrations of the roadway. 

Wlien tbe foundation is a form of sand or gravel, or vei-y 
uneven broken stone, or rubble stone, requiring a thick layer 
of sand to bring the surfjuse to the required form, the pav- 
ing blocks are not bedded in mortar, but are generally set 
in pliiee npon a layer of clean sand or gravel spread upon the 
foundation to receive them. As the work progresses each 
block is slightly rammed, and when an ai-ea several yards 
square, reacbingentirely across from one curb to tbe other has 
been completed, a heavy wooden nunmer weighing 50 to C3 
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pounds mriniicd by two men, is passed ovci- tliom, a iiumber 
of blows being given to each block. The blocks which breitlv 
must be replaced by otliors, and those whose tops aro forced 
below the required street surface, are taken up, additional 
sand filled under tliem, and then reset. A layer of clcaa sand 
about two inches deep is then spread over tiie pavement, and 
allowed to work its way gradually in between the blocks. 

When the foundation is only a sand or gravel form, tlic- 
paving stones should bo somewhat Jiu'ger io horizontal area 
than if intended for a concrete or broken stone foundation, for 
the reason that small blocks, and more especially thin blocks 
set on edge, Lave a tendency to settle into sand unequally. 

Upon streets having a longitudinal inclination exception- 
ally gi-eat, special precautions may very properly be taken to 
secure a more perfect foothold for the horses' feet, than 
would be afforded by reetangulai- or cubical blocks placed 
horizontally with close joints. 

If the blocks can be procured of marked wedge shape, 
without extra cost, it will generally suffice to set them with 
their Lroadest edge down, as in Fig. 49, so as to form a 



series of open joints across the street. These may be filled 
in, to within about one inch of the top, with granite chips 
lirnaly driven with a hammer, and topped off with a two- 
in eh layer of clean sand. Some stone can be split readily 
into tliese forms. 

With blocks that are essentially rectangular, the same 
end may be gained by setting the transverse courses about 
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one inch helow the ati-eet sm^Eace, fiuishiug the woj'k with a 
layer of sand as before, oi-, by a simple method, the stones 
may be set slightly canted on their beds so as to lean toward 
the descent as in Fig, 51, thus forming a series of triangular 



ridges, or corrugations across the street. The joints are 
filled in with clean sand in the usual way. 

The Guidet Pavement. 

Broadway, in New York city, below Fourteenth St., is 
covered with what is known as the Guidet pavement, com- 
posed of granite blocks as shown in Fig. 47, set on a foun- 
dation of cement concrete 6 inches thick. The same kind 
of pavement similarly laid, suiTOunds the New York post 
office, at the comer of Broadway and Park Row. 

Upon newly mode earth, or in wet, springy or swampy 
soils, the foundation should always be a layer of good 
concrete, at least 6 inches thick, laid upon a bed formed par- 
allel to the finished street surface. The stones are then set 
in a layer of clean sand spread over the concrete to a depth 
of half an inch to an inch. The left hand portion of Fig. 
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47 shows this pavement. The usaal specifications for the 
Guidet paving hloeks require that they Bliall he of granite, 
equal in hardness to the Qninoy granite, of durable and nni- 
form qnality, oa«h measuring not less than 3J, nor more than 
4 J inches in width, on the upper enrface or face, and not less 
than 10 nor more than 15 inches in length, and not less than 
8 nor more than 9 inches in depth. Blocks of 3J inches in 
width on the face, to be not less than 3 inches in width at 
the base ; all other blocks to measure on the base not more 
than 1 inch leas in width or in length than on tlie face. 
The blocks are set upright in close contact on their edges, in 
courses, with the longest dimensions and the continuous 
joints running across the street, breaking joints lengthwise 
of the street. The ends of the blocks are dressed ofE so as to 
give close joints in the direction of the draught, while the 
broad vertical sides of the blocks are left rugged or uneven, 
or with the split roek-faee, so that the continuous joints 
lanning across the street are somewliat open. This pave- 
ment, besides being firm, strong and durable, offers a good 
foothold for liorses, in its open cross-joints, and an easy 
draught for loaded vehicles in the narrowness of the blocks. 
It gives very general satisfaction in New York, and seems 
well adapted to a street subjected to very heavy traffic. It 
wonld be an improvement, with a concrete foundation, to 
set the blocks in cement mortar, as a security against unequal 
settlement. It requires from 24 to 25 of these blocks to li^ 
one square yani. Their cost, exclusive of land hauhige from 
the dock to tJie street where they are to be used, varies with 
the price of labor, from 12 to 15 cents each, after allowing 
for loss and breakage. The cost of a sand foundation in 
large cities generally comprises excavating and roiling tlie 
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road bed, hauling away the escavated material, and purelias- 
ing, transporting, filling in, and rolling tlio sand, and will 
tlierefoi'c, vary with the price of labor and sand, and the 
length of haulage. In the city of New York a sand form 9 
to 12 inches thick, will cost, when i-eady for the pavement, 
from 40 to 60 cents per square yard, 

A good cement concrete foundation 6 inches thick, exclu- 
sive of excavating and compacting the road bed and removing 
the materials, will cost from S1.40 to §1,50 per sqnare yard. 

At the present time, (autumn of 1875) contracts could bo 
let in New York city, for the Guidet pavement on a sand foun- 
dation 6 to 8 inches thick, for from ^.75 to $5.25 per square 
yard. This includes a very liberal profit to the contractor. 

In some localities, cubes of eight inches are preferred for 
paving. Their cost, delivered upon the streets in our east- 
ern city, will generally not exceed $2.75 to $3.00 per square 
yard of snrface. When laid upon a form of sand or gi'avel, 
to 13 inches deep, it will cost at least 50 cents more per 
square yard to make the foundation and lay the stone, bring- 
ing the total cost of tJie finished pavement to $3.25 to S3. 50 
jier square yard. 

The Russ Pavement. 

Several years ago, a portion of Broadway, New York, was 
covered with the Russ pavement at a cost of $5.50 per square 
yard. The natural soil at the level of this road bed was 
sand slightly mixed with clay. Tliis was excavated to a 
depth of 17 inches, and then a layer of gi'anito chips, from 
4 to 8 inclies in largest dimensions, and about half that thick- 
ness, was laid upon the bed and rammed down nearly flusli 
with tlie graded surface. Upon this was placed a foundation 
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of concrete, sis to seven inclies thick, foi'med in detached 
rectangular eeefcionSj and composed of 1 vohime of Kosendalo 
eemcntj 3^ volumes of clean coarse sand, 3^ of broken stone 
like the Macadam road metal, and 3 of coaj-so gravel. The 
paving stones were rectangular blocks of eienitic gi-anitc, 10 
inches deep, 10 to 18 long, and 5 to 12 wide, set in courses 
at an angle of 45° with the axis of the street, and so 
arranged that the pavement could be taken up in rectangular 
sections of 4ft. by Sjft. in order to reach the gas and water 
pipes, without disturbing the adjacent portions. 

This pavement did not give entire satisfaction, the sur- 
face of the blocks being too bi-oad to give a good foothold 
for the horses. They also hecamo smooth, polished, and 
slij)pcry. It was therefore replaced by the Guidet pavement 
already described.* 

* Tlie following ia condensed from tlie Fpetifications io the pnteiit 
granted to Mr, liuss, in 1846. 

Fifsl. The 3ub-30il ia graded. 

Second. Grnuite chips, etc., 4 to 8 inches in diameter, and about 
half as thich, are laid on the road bed with the flattcBt sides upward, 
and lammed flash with the grading. 

Third. A concrete fonndation 8 to 10 inches thick is then laid in 
frames of sound wood, east iron, iron stone pottery, burnt earth or 
any other fit material, thicker at bottom than at top. Before the con- 
Crete ia put in, bars of iron are placed into the panels, crosswise, wiili 
holes in them, through whicli tliey are united by an eyebolt, with a 
ring in the head of each bolt. Large panels receive 3 or more artis 
of such bars, bolts and rings. The concrete is then filled in and con 
solidated, after which it may be lifted out of any pantl (o obtain 
access to sewers, gas or water pipes, etc. 

Foui-tk. The pavement consists of granite or sienite blocks 
averngiDg 10 to 12 inches long, 4 to o inches wide on the top surface, 
aiid about 10 inches deep, carefully laid, the ranges of stones forming 
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The Belgian Pavement. 

The Belgian pavement, so named from its common use 
ill Bclginni, is made witli blocks of stono that arc nearly 
cubical in form, split aa nearly as possible to square angles, 
with little if any dressing. The trap rock, wliieh forms the 
palisades of the Hudson river, is extensively used for this 
purpose. 

Tlie following is one of the common forms of specification 
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be excavated and i-emoved to a depth of thirteen inches below 
tlie top surfaee of the new pavement when fully rammed, 
forming tlie proper arch or grade boncath the proposed pave- 
ment. Upon this foundation, clean, coarse sand or gnivel 
is to be fdled and thoroughly compacted by ramming or 
rolling to the proper depth to receive the paving atones, 
which arc then to be laid in close contact, in even conrses, 
transversely to the line of the sti'eet. When so laid, the 
pavemcJit shall be thorouglily rammed to the grade and to 
the proper arch or crown, after which the surface is to he 
covered with one inch in depth of clean, coarse sand, and all 
interstices filled in solid witli sand. 

The blocks shall not be laid more than fifteen feet in 
advance of tlie rammers. "When the road bed is not of firm 
and compact soil, the thickness of the sand foundation must 
be increased to 10 or 13 inches or more, and in soft, com- 
pressible, or swampy soils a concrete foundation should be 
resorted to. Indeed a solid and unyielding fonndatiou is 
more necessary nnder a Belgian pavement, than nndcr the 
larger blocks used in the ItiiES and Giiidet methods. 

The market price of Belgian paving blocks, whether of 
trap rock or granite, fluctuates with the price of labor, from 
$35 to $60 per thousand in New York city ; so that the 
cost of the finished pavement laid upon sis inches of con- 
crete, will vary from about J3.60 to $4,50 per square yard, 
exclusive of profit to the contractor. 

In setting the stones in a sand form it is important that 
they should all receive an equal amount of riimming, to pre- 
vent unequal settlement subsequently ; and, if set in mortiir 
on a concrete, rubble, or cobble foundation, they should not 
be walked upon or otherwise disturbed for some lioiirs after 
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they have been settled to their place, so that the mortar will 
liave time to set, and the street should not be opened to 
trafBe for some days, or until the mortar has attained enf- 
ficicnt strei!2:tli to resist crushing. 

Wooden Pavements. 

Wooden pavements made with blocks of wood — generally 
yellow or white pine — set on the end of the grain, although 
tiiey have been extensively tried in the United States and 
elsewhere, within the last fifteen years, are nnfit for streets 
subjected to heavy trafBe. They ai-e slippery in wet weather, 
and ai-o of course very perishable, from their inability to 
resist either the wear and tear of traffic, or the course of 
ordinaiy decay. Various devices have been resorted to in 
order to lessen these objections and render these pavements 
safe and reasonably durable, such as setting them with wide 
open joints across the street so as to give the horses a good 
foothold ; Kyaniziug, Burnettizing or creosoting tlie wood 
to prevent decay ; and underlaying them with an elastic 
foundation of boards or planks, to enable the blocks to resist 
the crushing and wearing effects of heavily loaded vehicles,* 

* One of the most efficacious methoda of preserving wood from 
dccKy, aa well as from the attacka of land and marine iusecta, conBieta 
in imprtignal.ing it, by eillier tlio Betliell or tlie Seely process ivitli tlie 
dead oil — containing carbolic acid (Cu Hs O,) or cresjlic acid {C.i 11 
Oj) obtained iu tlie distillation of coal lar. " By the Bothell process 
the timber is placed in an airtight cylinder of boiler Iron, wUieli is 
tliBji exhausted of air to the point indicated by 30° on the Bourdon 
vacuum gauge. At this point tho creosote is admitted into the cyl- 
inder at a temperature of about ISfl" Fah,, at once flliiog it to within 
an inch or two of the top. A pressure of about 1.50 pounds per square 
inch is then applied, and malntBined for from live to eight hours. 
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Tho Ksual sizes for the wooden blocka are from 3 to 4 
inches in width, 8 to 14 inches in length across the street, 
and 6 to 8 inches in depth. 

The ordinary reqiiirenient3 for the Nicolson pavcmenc 
are that the block shall be of sonnd yellow or white pine, free 
from sap, of rectangular form, and not leas than 3 nor 
more tlian i inches wide, not less than 6 nor more than 14 
inches long, and 6 inches deep, the grain of tho wood being 
in the direction of the depth. The blocks for paving tho 
side gutters are to be sawed to a beyel, so as to form a suita^ 
ble channel way of uniform cross section about six inches 
outside the line of enrb-stoncs, to carry ofE tJie surfaeo water. 

Ill preparing the foundation, the subsoil and all material 
other than clean sand, is excavated to a depth of 9 inches 
below the top surface of the new pavement, and parallel there- 
to. Upon this road-bed clean sand is filled in to the required 

depending on tlie size of tlie pieces of timbor under treatment. The 
creosote oil ia then drawn off and the timber removed." 

Tho Seely process, in brief, conaista(l) in autjjecting the wood to a 
temperature above the boiling- point of water, and below 300° Pa!i„ 
while immeraed in a bath of creosote oil, for a euffident length of 
time to expel the moisture. When the water ia thaa expelled the 
pores contain only steam ; and then (3) the hot oil is quickly replaced 
by a bath of cold oil, by means of which change the steam in the 
pores of tbe wood is condeused, and a vacuum formed into which tlie 
oil is forced by atmospheric pressure and capillary attraction. The 
dead oil referred to above contains onlya small percentage of tho two 
acids named. It is claimed that either of tliem applied in a pure una- 
dulterated atata to tlie surface of a piece of tiinber, like a paint, 
will thoroughly permeate the entire piece, even if it bo one foot or 
more in thickness, and will effectually prevent decay, a ijaeation 
which has not yet been aatia factor! I y determined. The process la 
now on trial. 
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deptl)_ !i!iil a closo flooring of common pine boai-ds 1 incli 
thick is laid thereon, lengthwise with the line of the street, 
the ends resting on eimilai- boards laid transversely from 
curb to curb. The flooring boards are thoroughly tarred on 
both aides with hot coal tar, brought to a proper consistency 
by boiling witli pitcli, so as to be tough and not brittle when 
cool. 

Upon this ilooriiig tho blocks are set on end in parallel 
courses running across the street, the lower end of each 
block having been previously dipped to half its height in 
hot coal tar prepared as above directed. The joints which 
run parallel with the lino of street are close, and not con- 
tinuous. 

The transverse courses are separated from each other 2 of 
an inch, liy batons of common pine one incli wide and J of 
an inch thick, hiid end to end at the base of the blocks, the 
whole being secured and made firm by nails driven through 
each baton and block with tlie flooring boards. 

The spaces above the batons between tlio courses of 
blocks is tlien filled with a kind of concrete composed of 
clean roofing gravel and hot coal tar, thoroughly mixed and 
compactly rammed in with suitable iron-shod rammers. 

Finally the surface of tlio pavement, as fast as it is fin- 
ished, is thoroughly coated with hot coal tar, prepared as 
specified, and immediately covered witli fine sand and gravel, 
mixed in equal proportions and laid on not less than one 
inch in thickness, 

A section of this pavement taken parallel to the line of 
street is shown in Fig. 53. 

A modification of this method consists in makin;^ the 
blocks square and all of the same dimensions on top (about 
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4 ill. by 4 in.), one half of them being 3 or 4 inches less in 
depth t! n tht itat nnl then setting them on the prepared 
fouuUhon in contimois, cmibcs cb'.clj in coiitiet both 
aero i ind lLna;tliw se f tht, sttett, dternating the deep and 
shall tt blcLks with each other m both directiors, thus 
forminii i senes of cells about 4 inclna j i vil ind 3 to 4 



inches deep arriyed like the dark iqaaiea on a cht = bo:ird. 
Fig. o3 These ee!!a nie hlled with coaise gravel ind pre- 
pared coal t)i 01 is^hiltum and the ivhole pivinicnt is 
coated over with the coil tii piepiittion ind a l^yer of fine 
F,and, "When the flooring of boaids is omitted, it is some- 
times the practice to undoihc the block with a coat of Umo 




or cement mortar, or with a layer of thick paper covered with 
coal tar, in order to exclude the moistnre from below. 

By the Stowc method the blocks rest directly npon a form 
of clean well compacted sand or gravel, wliicii may be I'ruiii 
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4 to indies in thickness only, if the road hod be liartl aiifl 
firm. 

Ill soft spongy or cl.ije;' soils tlic suud foundation should 
bo of gi-oater thickness, though seldora exceeding 8 to 10 
inches. Tlie sand foundation should he carefully graded so 
as to be parallel to the finished street surface. 

Tho blocks are set in courses transveraely across the street 




so as to break joints Icn^thwiaL tf tht, street, the courses 
being Etparittd from ( xch othti one inch by a eontinuous 
conise of wooden wedges placed close togethoi edge to edge, 
and extending from curb to curb. The=!e wedges ore set in 
the first instance witiitlieir tops flush ^ith the top surface 
of the blocks. After the whole pavement shall have been 
ivell rammed so as to give each block a fiim bed, the wedges 
arc driven down about 3 inches, and the open ]oint? thus 
formed above them between the courses are filled in with a 
conci'ete composed of hot coal tar and fiae roofing sand and 
gravel. (See Fig. 54.) The surface of the pavement mny 
then be coated with coal tar prepared by boiling with pitch, 
and finished off with a thin layer of sand. 

A modification of this general method of forming the 
pavement by setting single blocks of wood in courses slight- 
ly separated from each other, has been practiced to some 
extent without very satisfactory results. It consists in form- 
ing the blocks into sections or compound blocks, each con- 
taining from 13 to 15 single blocks br:akiiig joints with 
each other in one dirccLion, and held together witli wooden 
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tree-nails, passing entirely throngli the section from side to 
Bide, and striking each full block twice. Each section has 
a triangular groove running horizontally around its four 
sides, for the reception of strong wooden keys. Tlie sections 
are set in contact, breaking joints, upon a fonndution of sand 
or a flooring of boards, and thus mutually support each 
other and are prevented from tilting by the keys inserted 
horizontally between them. 




Deep grooves are cut m the upper face of each section 
so Ts to form continnous grooves aciosa the finished pave- 
ment These aie filLd with cement concrete, a mistare o£ 
coal tai «ind and ^ iiel ci othei suitible material. Tlieir 
pnnctpil objtct is to gi\e a secure foothold for draught 
ammils One of the compound bloeki li shown in Fig. 55. 
They are brought upon the street in readiness for laying. 

Another method is to set the blocks on a base of cast- 
iron formed into cells on top, into which the blocks, pre- 
viously dipped in hot asphaltum, or otherwise properly pro- 
pared, are inserted to about half their depth, each block 
having a shoulder around it which bears upon the top of the 
iron partition separating the cells. 
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The cast-iron base is fo;ined in sections, oi convouieut 
area for removal in places where necessary, each section 
being screwed to those adjacent to it by iron clamps or sta- 
ples as seen in Pig 50 it a mil by pins as •ti^n'o. at 5 ; or they 
may be held to^ethei by do\e tail piojections fitting into 
coiTespondmg rce ssca The hlo ka fit together so as to 
form close joints on top a channtl bcms; cut in each, so aa 

^ni'TI'TTN 1 Tl" ^ ' 't I'J '" fl 'I'TETri "^ 




no w 
to form continuous chmnels, acioss the street, to give the 
horses a foothold. All the blocks aio brought to the re- 
quired form by machinery.* 

* The author ia indebted to E. S, Chesbrougli, Esq.. City Engineer 
of tli9 city of Cliicago, for tlie following interesting report on tlia 
wooden pavements in tliat city ; 

" It ia true tliat wooden pavements have been more successful Iiere 
than in any otlier important city. Tlie reason is owing far more, I 
tliinti, to local circumstances than to Hny peculiarity in the hinds of 
pnvL'menta used. Our city is on a very flat site, underlaid by a moist 
soil. Our streets are generally wide, and our trafRn, instead of being 
jirincipally on two or three main thorouglifares. ia greatly diffused, 
When it is added we have the eheapest important lumber market iu 
the .country, you can easily soe why wooden pavements should be 
more favored with iis than they are elsewhere. Bssidea these con 
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Brick Pavements. 

Among the many attempts tliat have been nirw3e to com- 
bine hitumcn and other hjdro-carbons, including Gven oi-di- 
uary coal tar, witli other Bubstauces for street pavements, 
the lijdro-carbonizod brick pavement introduced by Messrs, 

Biderations I sliould mention that our wooden pavemeuls, while in 
good condition, are much more ngreealjle to drive over, than any otlier 
kind it ia pmoticftble to put down here, except tlie asplialt, wliicli is 
much more costly. 

" As tlie proptrty holders on each aide of a street are assessed the 
cost of paving it, except at intersections with other streets, it Is very 
natural they should have something to say with regard to the kind of 
pavement to he put down; in fact the City Council lias of lute allowed 
them to make private contracts, the work liowever to be suljject to the 
supervision of the Board o( Piihlic Works. As a consequence of this 
state of tilings, and also of tlie rival claims of patentees, we have tried 
various kinds of pavement during the last twenty years ; no kind baa 
Listed any better than the Nieolson. There has not been time enough 
yettodetermine whether some of the newer kinds williastaslongornot. 

■'Of the kinds of, pavement laid here the following includes all it 
would be of any practical value to describe, viz. : 

" Ist. Tlie Nicoiaon, which you ate familiar witli, 

"2d. Bastard Kicolaon, differing from the real In the absence of 
wooden strips in the bottom of the joints between the blocks, which are 
filled with gravel. 

" 3d. The Stowe, wliich is without any flooring under the blocks. 
These are kept apart with thin pieces of wood, wedge-shaped at the 
end, and driven into the sand below. The upper parts of the joints 
between the blocks are filled like those of the Nieolson. 

" 4th. The Ureeley, which differs from the Nieolson simply in the 
joint between the blocks, which is filled entirely with the wooden 
strips, leaving no room for gravel. 

"5lh, The unpatented, which ia without flooring under fhebloc^is, 
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Ciidiic imii De Valins, of San Faacisco, California, dosorvcs 
notice. Tlie bricks are prepared by lieating them in a 
boiler-iron tank set in brick work witli a f nniace rinderneath, 
and containing a sufficient quantity of tiie liquid hydro-car- 
bon to allow for evaporation, and secure a thorough satuiu- 

Las no strips between them, aud dispenses ivith tar. It is tlie most 
nsed here now. 

"Some portions of wooden payemuntB licre liave lasted in tolerably 
good condition for nine yeirs. Wlien properly laid on wide streets 
tliey may be relied \ipon to teep in good condition about seven years, 
but some fail in !es8 time, especially wliere there is mueli traffic and 
vehicles are compelled to go in ruts, as for instance, tlirougb the nar- 
row arcli-wajs of our river tunnels, in wbicli the wooden pavements 
keep in good order only two or three years. Tiie traffic through these 
is nnt io be compared with tliat on Broadway, or Fulton St., New York, 

"Gravel, Macadam, Cobble, and Limestone blocU pavements have 
all been used here, but none of tliem compare favorably with the bi'st 
of similar kinds used in eastern cities. The cobble has been entirely 
discontinued. The Macadam is but little used. The stone is very dis- 
agreeable as compared with wood, and no new streets have been paved 
with it for years. The first wooden pavements of this city were laid 
in 1S50. 

"Our streets are under the care of the Superintendent of Public 
Works. Mr. I. K. Thompson, the former one, now a member of tho 
Board, and Mr. Geo. W, Wilson, the present ono, have kindly given 
me their views on this subject. They are both satisfted that the reason 
some wooden pavements last so much shorter time than others, is 
owing to a less degree of care or skill, in the selection of the blocks. 
This is of course, when they are subjected to like usage, Tlioy also 
think white oak is more durable than pine used in this way, Tlie 
unpatented costs about $1.40 per eiuare yard, including 4 inches of 
ballast blocks 8 inches in depth. The blocks are now laid diag- 
onally across the streets, and are considered more durable laid this 
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tion of tbe bricks. The heat is applied with an intensity 
and duration sufficient to reduce the liquid material to a 
consistency that will withstand high atmospheric tempera- 
tures without softening, A tank liift. long, 4 to 5ft. wide, 
and 3ft. deep is a suitable size, and the time required for a 
thoroagh satnration of the bricks about 24 hours. Ifc is 
claimed that, thus treated, tJie bricks will sustain great 
weight without crashing, and will resist abrasion and wear 
when subjected to ordinary street traffic, but no satisfactory 
evidence on these points, based upoa their practical use, has 
been obtained. The description furnished by the inventors 
does not specify the kind of hydro-carbon required to give 
the best results. 

The prepared bricks are set in a layer of sand about 3 
inches thick, spread upon the road bed after the latter lias 
been properly adjusted to a surface parallel with that of the 
finished pavement. The road bed and sanS should bo thor- 
oughly compacted by ramming or rolling. 

The bricks may be set in a single layer, on edge or on 
end, with continuous joints running across the street, and 
breaking joints in the other direction. They are firmly set- 
tled to their places by ramming, and hot coal-tar or asphaltum 
is poured into the joints to cement tliem together, and ren- 
der the pavement impervious to water. The surface is fin- 
ished with a coating of the same material laid on hot, and 
then top-dressed with a layer of fine gravel or coarse sand. 
When two layers are used, the bottom one may be of unpre- 
pared bricks laid flatwise, with tlio joints filled in with sand, 
and then covered with a coat of hot coal-tar or asphaltum. 
The top layer may be set on edge or on end, and finished ofE 
as in the case of a single laver. 
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On steep grade tho surface layer may bo set with opou 
lialf-incli joints running tieross the street, filled in with a 
mixture of hot tar and gravel. 

Tlic durability of this pavement has yet to be proved. 

Asphalt Pavements. 

Within the last tweutj-five years bitumen, in some of its 
many forms, has been employed to a considerable extent, aa 
tlio binding material or matrix for road and street coverings 
laid iu continuous sheets without joints. They ai-e all com- 
prised under the general head of asphalt pavements. The 
city of Paris took the lead in this innovation upon the 
former methods of paving with stone, the reasons assigned 
for the change being, (1) the want of eonnectioa and homo- 
geneity, in the elements of which the stone paving is com- 
posed, (3) the incessant noise produced by them, (3) the 
imperfect surface drainage which they secure, by reason of 
which the foul waters are not carried off but filter into tho 
joints, and (4) the ease with which they can be displaced, 
and used for the construction of barricades, breastworks and 
rifle pits in time of civil war. 

Varieties of Bitumen. 

There arc several varieties of bitumen which pass insen- 
sibly into each other, from naphtha the most fluid, to j)etro- 
leum and mineral tar, which are less so, thence to maltha 
which is more or less cohesive, and thence to asphalttim 
which is generally solid. The softer kinds gradually harden 
in time by the evaporation of the volatile parts. 

They ai'C hydro-carbons, accompanied in the solid and 
viscous Ivinds with var!ou!oxygcn.ited carburets of hydrogen. 
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The fluid vaiieties arc generally solvents, to a greiifcer or less 
extent, of those that are solid or loss fluid. 

The forms of bitumen most extensively employed for 
pavements are mineral tar ; asphalt rock, which is an amor- 
phous carbonate of lime impregnated with mineral tar, and 
known in commerce as bituminous Ihnestoiie ; asphaltum ; 
baavy petroleum oils like those from West Virginia, or others 
not volatile under 212° Fah., or the residuum of refined 
Ijetroleum containing no water, and so refined as not to be 
volatile !tt 212° Fab. 

Mineral Tar. 

The piincipal sources of tlic natural mineral tar of com- 
merce are in France, at Bastenne (Landes) and at Pyrimont 
Seyssel (Ain), and in Switzerland at Val de Travel's, in the 
canton of Neuchatol. At Bastenne as well as at Gfanjac, in 
the south of Fmnce, it flows from several springs mixed 
with water. The Bastenne mines arc nearly exhausted, and 
no shipments of minej-al tar to foreign ports are now made 
from tliat locality. This tar is also found impregnating 
quartzy sandstone, from which it is separated by boiling. 
At Sej-ssel both sandstone and limestone are impregnated 
witii it. By boiling the sandstone in water the tar rises to 
the surface, or adheres to the sides of the vessel. Tlie sand- 
stone seldom yields more than 10 per cent of tar, the aver- 
age of the mines falling considerably below that propoi-tion. 
At tlio ordinary temperature mineral tar should not be 
either brittle or liquid, but viscous and ductile, so that it 
will freely elongate into threads when drawn out, and not 
break unless drawn very thin. 
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Bituminous Xjimestoue. 

This limestone, known tilso as asphalt rock, occurs in 
both Seysael and Val de Travers. The stone is of a liver 
brown color, irregular in fracture, massive, and has a specif- 
ic gravity of 2.114, water being 1.000. It contains from 5 
to 15 percent, and sometimes 20 per cent, of the mineral tar 
above described ; is tough and difEcnlt to break with a 
hammer, being to some extent malleable. It can be cut 
easily with a sharp knife, or scratched and abraded with the 
finger nail. 

Asphaltum. 

Asphaltuni is a variety of bitumen generally found in a 
solid state. At ordinary temperatui-e it is brittle, and too 
hard to be impressed with the finger nail. It is black or 
brownish in color, opaqne, slightly translucent at the edge 
of a new fracture, of smooth fracture, and has little odor 
unless rubbed or heated. It melts easily, burns with very 
little if any residue, and is very inflammable. 

It is found floating on the Dead Sea, and in many places 
in Europe. Many localities in Mexico supply it, and it 
abounds in the islands of Barbadoes, Trinidad, and Cuba, 
and hi Eitchie county. West Virginia, and in New Bninswicli:, 
Dominion of Canada. Tliey all yield, by distilhition, an 
inflammable gas ; a kind of bituminous oil ; a tarry substance 
like coal tar ; and a species of coke. They are all too brittle 
when cold, and too soft when exposed to the direct rays of 
a summer's sun, to be employed in their nataral stat«, as 
the cementing substance of street pavements. A suitable 
solvent to render it fit for such use, has been found in the 
iieavy petroleum oils, or the residuum of icfincd petroleum, 



HnjtcdbyGoOglc 



THE BITL'JIESS. 175 

not volatile at 313" Fall., already mentioned. The result 
of tlio combination, which should take place in an iron 
boiler at a temperatui'o of about 470° Fah., is a manufac- 
tured bituminous cement exactly resembling in composition, 
quality, and appearance, the natural mineral tar obtained 
from tiio mines of Basteune, of Gauja«, or from the sand- 
stone of Seyssel. 

This variety of bitumen, known as mineral tar, or bitu- 
minous or asphaltic cement, wlietiier furnished by nature in 
a nearly pure state, or formed by the combination of other 
natural bitumens, under the general law that the more fluid 
kinds aro solvents of those that are solid or less fluid, is the 
hest and only suitable cementing substance, or binding 
medium, for asplialt pavements yet discovered. Like all tho 
bitumens it owes its property of liardness and toughness 
under vai-ying temperatures, to the presence in suitable pro- 
portions of tlie compounds called petroline and asphaltine, 
too much of the former making the asphaltic cement too 
soft in warm weather, while an excess of the latter rondel's it 
too brittle in winter. Hence tho percentage of heavy petro- 
leum oil necessary to bo added in order to convert into a 
good bituminous cement, any particular variety of asphal- 
turn, depends upon the proportion of potroiine and asphal- 
tine which the latter already contains, and this proportion 
varies greatly in different localities. 

No asphaltic cement is suitable for all climates, and even 
the natural mineral tar from Seyssel, though well adapted 
for use upon the streets of Pans, requires to be mixed with 
a harder asphalt, to enable it to withstand exi)03ure to the 
sun in the United States. 
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Bituminous Idmestoue (Asphalt) Pavements. 

A eapitiil distinction must be made between pavementa 
of asplialt liereaitev described, made either witli natural 
asphalt rocli, or viith the reiined asphaltum as a cement, 
combined with suitable calcareons powder, and all or nearly 
all of those attempted imitations oi it, produced by mixing 
crude mineriil tar, or manufactured tar, with one or more 
pulverized minerals or eartlis. And more especially must 
we exclude from the category of asphalt pavements, all those 
patented street coverings composed of wood-tar, coal-tar, 
pitch, rosin, etc., mixed with either sand, gravel, ashes, 
scoria, sulphur, lime, etc., or with two or more or all of 
them. Some of them will produce a tolerably fair sidewalk, 
but they are totally unfit for the surface of a carriage way. 
Some of the best of them will answer for carriage way foun- 
dations. 

The natural asphalt i-oek, like that from Seyssel or Val 
do Travers, or other localities in the Jurassic region, in order 
to be saitable for paving carriage ways, should contain about 
11 or 12 per cent of bitumen (mineral tar) and 88 or 89 per 
cent of amorphous carbonate of lime. Inasmuch, however, 
as some of these limestones contain more, and others less than 
11 or 12 per cent of the tar, it is frequently necessary and 
always practicable to obtain a mixture of the requisite 
degree of richness in bitumen, by combining those of diilcr- 
eut qualities together, or, if none but a rock poor in bitumen 
is procurable, the same result may be obtained by adding 
mineral tar to it. 

The rock should be of the fine-grained variety, of toler- 
ably close texture, and composed of pure carbonate of lime 
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BO uniformly and homogeneously impregnated with the hitu- 
men, that a cut made with a sharp knife will show neither 
pure white nor jet hlack spots, but bo of a brownish liver 
color, mottled with grey. 

^^heu asphalt rock of this character is heated to a 
tempeiatme of 200° to 212° I'ah., tho bitumen becomes 
soft, the giams ot limestone separate from each other, and 
the mass crumbles into a pai-tially coherent powder. If 
this powder, while still hot, be powerfully compressed by 
lamming, tamping, or rolling, the molecules will again 
unite, and the mass when cold will assume all the essential 
qualities of the original rock, but in a superior degree, as 
regards toughness, hardness and iu compressibility. This 
is the whole thcLny of asphalt road coverings, as applied to 
the street payements in Paris and elsewhere. 

Foundations for Asphalt Pavements. 

The pavement foundation should be preferably, cement, 
concrete, or Tubhlo stones filled in witli concrete made after 
the same formula, and laid in tlio same manner and to the 
same thickness, heretofore described for a pavement of stnno 
Mocks ; or it may be six to eight inches of suitably com- 
pacted broken stone ; or an old broken stone road carefully 
cleaned by scraping and sweeping, and then covered to an 
even surface with a coat of mortal- ; or an old cobble, or 
stone block pavement, with the joints raked out to a depth of 
about one inch, and then cleaned ofE and coated with mor- 
tar. Even a badly worn pavement of coal-tar concrete, or 
other kindred mixtures, may be the foundation, under suit- 
able precautions. The mortar used for surfacing the foun- 
dation may be composed of one volume of common lime 
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paste, one volume of the paste of Kosendale or other eqwiva- 
Icnt eemont, and seven to eiglit voJnmes of coarse sharp 
sand. If standard Portland cement he used, tho volume of 
lime paste may be doubled, and the volume of sand increased 
one-iuilf, producing a mortar containing cement paste oue, 
lime paste two, and sand ten to twelve. 

If a new foundation has to bo prepared, it should ho of 
good cement concrete, and for streets subjected to heavy 
traffic not less than 6 inches thick if upon Arm and compact 
soils, and rarely more than 9 or 10 inches if the road bed 
bo wet, spongy, or clayey. It should be compacted to an 
even surface parallel to that of the new pavement, so that 
tlic latter can be applied in a sheet of uniform thickness. 

Heating the Asphalt. 

The asphalt rock, previously pulverized by grinding, is 
brought to a uniform temperature of 250° to 260° Fah., in 
iron heaters, and in this condition is conveyed in wheel-bar- 
rows with sheet iron bodies to the place where it is to bo 
used. If the heaters bo arranged upon wheels so as to bo 
portable, they can be kept in close proximity to the point of 
application, in which case the hot material may be taken out 
with long handled shovels, and deposited directly upon tho 
foundation in its proper place, but it will generally be found 
eonienient to convey it in wheel-barrows. 

The material is not in fit condition for use until all the 
moisture has been driven from it, and it should not be 
applied upon a cement-concrete foundation until the latter 
has had some days to set, nor in any case upon any kind of 
foundation until its surface has become perfectly dry. If 
laid upon a damp surface tho hoiit vaporizes the moisture. 
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and the steam, escaping througli tlie powdoi', prcvcnts n 
tliorongli and complete eolieaion of the particles, and ren- 
ders the pavement imperfect. When it is impossible or incon- 
venient to wait for the siniaee of tlie foundation to become 
dry, a first coating of asphalt, one-fourth of an inch thick, 
may be applied, to he followed when hai-d by the final cov- 
ering. By tiiis precaution the injnrioiis eifects of the steam 
created by the Jiot powder, will be avoided. For this lower 
coat tlie asphalt may be of poorer quality. 

Applying the Asphalt. 

The hot powder having been carefully spread upon the 
foundation with an iron rake, to a depth exceeding by two- 
liftlis the ultimate thiclincss required, is then compacted by 



ramming with iron pestles, kept suOficiently hot in portable 
furnaces to prevent a too rapid cooling of the asphalt. The 
ri;mniing should first bo done cautiously witli light blows, 



gradually increasing in energy, special care being taken at 
tlie junction of the hot powder with that previously laid. 
The finished pavement should be smooth and even, with 
from 1-J to 3 inches thickness of asphalt, except upon streets 
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where tlie tiuffie is very heavy, when tlie thickness niuy 
advantageously be from 2J to 3 inches. The iron rammer, 
Fig. 57, may be ciretilai', square, or reetimgiilar oa the face, 
and shoiild wuigh from 14 to 16 pounds. After the rammers, 
hot smoothing irons, Fig, 58, are passed over the siu-faee, in 
Older to give it a high degree of finish. 

It is usual to lay tliis pavemeufc in transverse strips from 
curb to curb, or from gutter to gutter, of a nniform width of 
4 to G feet, care being taken to cut the outer edge of each 
strip to a rebate while it is yet soft as shown in Fig. 59, so 




thit the hot iBphnlt of the succeeding stiip may lap over and 
flimly unitL with it If the strip has become cold, from 
intcnuption of the woik oi other cin c, "some of the hot 
isphiltie cement should be applied do the lebite with a 
brush, in order to insure a close and powerful cohesion in 
the joint. In two or three hours after the work is done the 
road is sufficiently hard to be thrown open to traffic. It is 
usu il to hiot spread o\ci it a hght la-ver of loamy sand. 

The consolidation is sometimes efCected with heavy iron 
lolloib of diffeicnt weights, beginning with the lightest and 
finithiiig off mth the lioaMest, but a loller containing only 
a single cjhnder, if sufiicicnily h(.a\y to be effective, is apt 
to cause the "offc laphilt to ii«e up in fiont of it, and even 
to tear it Tsundcr oa the tcmpeiatuie becuniLS lower. Two 
or thiec rollers, placed close togethei in the Ranie fmme, one 
beliind tiie otlicr, would be less objcetionahlo. 
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The mctliod of consolidation witli ranimci's is believed to 
be tlie best, all things considered. 

It is important that theanriaee should be evenly finished 
to the required grade, and he free from elevations and deprcs- 
sioJis. If otherwise the wear ivill bo more severe, in conse- 
quence of the shocks and blows created whenever a wheel 
rises and falls upon the uneven surface. Moreover, rainwater 
and all noxious fluids should drain off freely, which they 
could not do fiom a rough pavement, and as tlie asphalt is 
impervious to water, they would stand in pools until cleaned 
off or removed by evaporations. 

There can, of course, be no vertical absorption from rains, 
through such a covering. There will also be no lateral ab- 
sorption if suitable drainage has been provided. The road 
hod will therefore remain dry at all seasons of the year, and 
no upheavals from frost need ever be apprehended. 

Asphalt Pavements without Bituminous 
Ijimestone. 

When it is desired to construct an asphalt pavement, 
without using the bituminous limestone from the Jurassic 
region which, as already described, contains both the matrix 
or binding material, and the body cemented together, and 
which after disintegration by heat, or by grinding, is capable 
of being re-united under a new form, and especially in 
tlie form of a monolithic slieet suitable for street coverings, 
there are throe essential points demanding consideration, 

Firsf, To obtain a suitable bituminous or asphaltic 
cement. 

Second, To obtain a solid material in the form of 
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powder, fit to replaeo tlio amorphous carbonate of lime of the 
natural asphalt rock. 

Third, To eombiiio these two in such manner that they 
will answer the purpose of a pavement. These points will 
be briefly considered in their regular order. 

The Asphaltic Cement. 

Fird. The imported minenil tar, after proper treat- 
ntcnt to adapt it to our climate, by adding a small quantity 
of refined asphaltum, is a good asphaltic cement. When, 
however, it is desired to manufacture a suitable cement from 
the emdo materials, the variety of bitumen known as asphal- 
tnm or asphalt is employed as the basis. 

The asphalts from different localities differ very much in 
the proportion of asphaltine and petroline which they eon- 
tain. Too much asphaltine renders the cement brittle in 
cold weather, while it will become too soft in summer if it 
contains an undue quantity of petroline. No natural asphalt, 
whether liquid or solid, has yet been found suitable for all 
climates and seasons, and it is necessary to mix two or more 
together, in order to arrive at satisfactoiy results, having 
first ascertained the standard quality of each. 

The asphalts in common use in this country arc derived 
from deposits found in the islands of Cuba and Trinidiid ; 
from Ritcliie county, AVest Virginia, and from the province 
of New Brunswick. The two last named, known respectively 
as Grahamit-o and Albertite, are pure asphalts, containing 
little if any foreign impurities, while tlie others contain 
from 20 to 30 per cent of deleterious refuse matter, which 
has to be separated by a careful process of refining. They 
all differ in the amount of asphaltine which they contain, 
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there being the most in Grahamite and Albertite, less in the 
Cuban, and least in that from Trinidad. There is a liquid 
asphalt or mineral tar, brought from the isthmus of Teliuan- 
tupec, which contains less asphalt than the Trinidad. It 
contains about 3 per cent of sulphur aud a large proportion 
of water, as received in tlie mai-ket, from which it has to be 
separated by refining. 

These natiiral asi>haJts, having each been brought by 
refining to a standard point of specific gravity and purity, 
may be iised separately, or two or more of tiiem may be 
mixed together, as the basis of the asphaltic cement. It will 
be necessai'y in using only the solid asphaltums to add, at a 
suitable temperature — say from 250° to 300" Fahrenheit— 
a small per ceiitage of the proper solvent, such as the heavy 
oils or " still bottoms," produced in the process of refining 
crude petroleum, in order to render the cement fit for pave- 
ments, and enable it to withstand the changes of temperature 
in the locality where it is to be used. Tlie precise quantity 
of heavy oil that it would be necessary to add to any one 
asphalt, ivould not be likely to suit another, or the mixture 
of two or more of them. Chemical research and esporiment 
can alone determine this point. A liqnid. bitumen con- 
taining aspbaltine and pctroline in the requisite propor- 
tions to produce the desired result may replace the still 
bottoms. 

A serious im].K!diment to the siiceeesful use of aspbnlt 
for pavements in this country, is tbc condition in which 
they are shipped from the island of Trinidad and other 
localities wliere the deposits are found. 

The operation of refining — improperly so called— at tlio 
niiucs, is very imperfectly done, so that variable and somc- 
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times large percentages of refuse and delcterioas matter, 
such as earth, vitrified saud, cinders, ashes, etc., are con- 
tained in the material as supplied for use. Dr. TJre, in 
BCTcral analyses, states that he fonnd from 20 to 30 -per cent 
of those imparities. This variable quality of the asphalt, 
not only seriously impairs its value, but likewise renders the 
results of its use uncertain, when fixed rules as to proper-, 
tions, which Lave been established for an article of standard 
\a!no, are adhered to. 

Tlie manner in which the crude material is treated for 
the purpose of separating these foreign substances, and dis- 
tilling volatile matter, is faulty. The heat is often applied 
in an irregulai" and unsystematic manner, and with such 
carelessness as frequently to destroy by overheating much of 
the most valuable part of the asphalt, leaving the material 
in such condition, that when employed for pavements, even 
after the best formula honestly and closely followed, no 
good results can be obtained. 

The preparation of asphaltie cement, snitable for car- 
riage way pavements, requires improved machinery, scien- 
tific supervision, and systematic labor, all of which will 
necessarily enhance the first cost of the article. None of 
them can, however, be safely omitted. 

Any process which will not, witli reasonable certainty, 
soeurc the uniform application of heat to, and proper supcj- 
vision over, the distillation and refining necessary to bring 
the material to its proper condition, will be likely to end in 
more or less complete failnre, for one or the other of the fol- 
lowing reasons, namely, (1) it will eitlier result in tho 
destruction of some of the valuable properties of tho bitumen, 
or, (S) it will impair Its fitness fur p;ivemciiLs by tho inipcr- 
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feet cvolatioii and distillation of volatile or other injurious 
or useless matter, sucli as water and light volatile oils. 

The asphaltic cement when properly prepared must be 
soft even in cold iveatlier, must give by distillation a liy- 
dro-carbon oil of a fire test not less than 200° Fah., must 
contain no water or any ingredient soluble in water or 
the urine of animals, and must contain nothing that is 
oxidizable, or that can be affected by the elements to 
any serious degi-ee. Changes of temperature will not 
render it very brittle in winter and soft in summer, even 
in the variable climate of the United States, although the 
formula that would suit Bostou or New York, would not 
answer in either New Orleans or Key West, more asphaltiuc 
being necessary in the cement intended for the warmer 
climates. 

In stj-iking contrast to tlic material above described, in 
every conceivable respect, are all those mixtures of wood-tar, 
coal-tar, pitch, rosin, etc., which have brought such unjust 
disrepute upon asphalt pavements. 

The Powder. 

S<concl. The specious and altogether worthless street 
coverings, erroneously called asphalt pavements, to wliicli 
brief i-cference has already been made, have owed their uni- 
form failure, not so much to the sand, gravel, lime, etc., 
employed to give tliem strength and body, as to tho entire 
absence of a suitable cementing medium. 

A fair pavement can bo made by properly mixing any 
kind of fine sand with the asphaltic cement above described, 
but notliiug — not even the pure amorphous carbonate of 
lime contiiiiicd in ilic natitnil a-iihalt roclv — would make a 
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pavement of any value, if coal or wood-tar, pitch or rosin, 
or any combination of them, furnishes the matrix. 

The best material yet found in the natural state, for the 
body of the mistni'e, is very fine sand, carefully screened 
from all coarse particles and gravel, and composed partly of 
calcai-eous matter in which the calcareous ingredient exists 
mostly in the form of powder. This sand, when rubbed 
between the fingers, does not convey the idea of being sharp 
and gritty, but feels something like fine Indian meal. It 
slionld contain 35 to 30 per cent of calcareona matter, and 
preferably 40 or even 50 per cent. 

When snch a material cannot be found, it can bo produced 
by mixing fine silicioiia sand and pulverized marl, and where 
marl is abundant it can be used alone, being first ground to 
a fine powder. The sand should be as absorbent in char- 
aeter as can be foiind, and the ratio of absorjition among 
different kinds will, as a general rah, vary directly with the 
quantity of porous calciU-eona particles which it contains. 

Iffixing the Cement and Fo'wder. 

Third. The sand and the asphaltie cement are mixed to- 
gether at a temperature of 350° to 300° Fahrenheit — not 
higher — in the proportion by weight of 80 parts of sand 
to 20 parts of cement. The two ingredients ai-o heated 
separately. 

In conducting operations on a small scale, the cement 
may be heated in an ordinai-y furnace kettle, and the sand 
in a broad shallow sheet-iron vessel, so an-anged that a fire 
can be maintained under it The hot sand is added to the 
cement in small quantities, accompanied by frequent stir- 
ring, and when a homogcncons mixture bas been obtained 
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m the required proportionsj it is ready to be applied upon 
tlio street, in the manner al- 
ready described for pavements 
of compressed asphalt rock. 
Calcareous sand suffers injury 
if heated much above 300° 
Fahrenheit, so that a watchful 
care is necessary in this part of 
the process. 

For extensive work better 
appliances for heating and mix- 
ing the materials than thoso 
above indicated would be econ- 
omical. For the sand, a hollow 
iron cylinder about 2 feet in di- 
ameter and 10 to 13 feet long, 
set liorizonfally in a furnace 
and revolving slowly, or two 
such cylinders placed side by 
side, has been found to answer 
very well. 

Such a sand heater is shown 
in Figs. 60 and 61. Pig. 60 is a 
section on AB of Fig. 61, and 
Fig. 61 is a side view and sec- 
tion on CD of Fig. 60. E is the 
inlet for sand ; F outlet for 
screened sand ; G- outlet for 
screenings ; H fireplace ; I the 
chimney temporarily lowered ; 
and K the driving pulley. The sand is conveyed from tlie 
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lieator by an arehimedian screw. 
At V is a valve, lightly 
counterpoised so as to open 
and allow any sand to 
escape which may get into 
the furnace flue S, which 
surrounds the heater. 
The whole machine is 
mounted on a pair of 
wheels so as to be portable. 
The asphalt mixer in 
which the melted cementis 
incorporated with the hot 
sand, consists of a hori- 
zontal twin pug-mill 6 to 
8 feet in lengtli. The two 
horizontal shafts are par- 
allel to each other, and 
about 1 foot 9 inches apart. 
ca<!h provided with arms 
14 or 15 inches long, set 
at right angles to the 
shaft. The arms from the 
two shafts therefore over- 
lap each other about t 
inches. The bottom of 
the pugmill is composed 
of parts of two cylinders 
of boiler iron, respectively 
tangent to the ends of the 
two sets of shaft arms. 
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Directly over this pugmill is a top mixer, in wl^icl^ the 
melted cement and hot sand are first mixed together, and 
into which they are measiired in the proper proportions, witli 
vessels suspended above on movable pnlleys. See Pigs. 63 
and 63, Fig. 63 is an end view ; Fig. 63 a side view and 
section on ^ r of Fig, 63 ; a top mixer ; 5 twin mixer ; c 
asphalt measure ; d sand measure and hoisting apparatus ; 
c driving chain for top miser ; / wooden platform for work- 
men ; g fire room ; /( fixtures for operating sliding doors in 
bottom of top mixer for supplying the twin miser ; i driv- 
ing wheel ; h pinion, and I driving cogwheel. When in 
operation the shafts of the twin mUl revolve slowly in oppo- 
site directions, the ends of both sets of arms ascending 
between the two axes, so that their action is to lift tho mate- 
rial constantly and let it fall, thus seciiring a thorough and 
homogeneous mixture. The whole apparatus is arranged 
with a furnace underneath. 

It is convenient to have both the sand heater and miser 
on wheels, so that they can be readily moved from place to 
place as circumstances require. 

Applying the IiIiiEture. 

The asphalt, having been prepared in the manner thus 
indicated, is in the condition while hot of partly coherent 
powder, in all respects resembling the powdered bituminous 
limestone, and in its use, the directions given for lay- 
ing pavements with tliat material should be closely fol- 
lowed, 

"When the foundation is of broken stone, newly laid for 
the purpose, great care should be taken to guard against 
subsequent settlement. The stone, or a mixture of ptone 
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and gravel, should be of all sizes fi'oia 3^ inches in longest 
diuiensions down to fragments not larger than peas, in order 
to reduce the voids to a minimum. By mixing it with one- 
fonrth to one-third of its volume of some of the best coal 
tar mixtures used for patent sidewalks, heating the mixture, 
aud then compacting it by rolling or ramming in two layers 
of 3 to 4 inches each, a good foundation, although inferior 
t-o one of hydraulic concrete, will be obtained. When neces- 
sary to save expense, the use of the coal tar compound may 
be restricted to the top layer, or even to a surface coating 
of the top layer, which should be forced well into the inter- 
stices during the process of ramming or rolling. But all 
these devices for cheapening a foundation arc certain to 
impair its strength and solidity. 

-One of the patent asphalt i-oadway pavements is described 
to consist (1) of a foundation, 5 to C inches thick, of broken 
stone heated and mixed with a bituminous compound, topped 
off (a) with a thin binding layer of small gravel and stone, 
over which is placed (3) a thin coating of liquid asphalt. 
Then follows (4) a layer ^ to ^ inch thick of asphaltic mas- 
tic ; then (5) another coating of liquid asphalt ; and finally 
(6) a top layer 1^ to 1^ inches thick of asphaltic mastic. It 
U needless to say that if the nomenclatui-e here employed be 
correct, and coal tar or some patented compounds are not 
i-eferred to. this will be a good pavement for footpaths, 
although unnecessarily thick, but will not be hard enough 
for carriage ways. By replacing the four top layers — the 
third, fourth, fiftli, and sixth — by genuine asphalt as above 
i-ecommended for carriage ways, a good sti-eet pavement 
would be obtained. 
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Asphalt Block Pavement. 

Mention was made on page 177, of the suparior tough- 
ness, hardness, and ineompressibility, confeiTed on bitumin- 
ons limestone by compressing it while hot. This property 
characterizes any genuine asphalt mixture suitable for pav- 
ing purposes, and advantage has been taken of it, in first 
forming the material into rectangular blocks nnder a heavy 
pressore, and then laying them in courses across the street, 
substantially after tlie manner followed in constructing the 
best stone block pavement. It is, perhaps, needless to say 
that a pavement of this kind, comiwsed of good materials, 
properly prepared, and laid npon a firm and unyielding 
foundation, should be a good one. Specimens of it have 
been on trial for some years in San Francisco, Cal., where it 
is styled by the patentee the Imperishable Stone-Block Pave- 
ment. Tlie blocks ai'C made with Trinida<l asphaltum, 
softened with I' to 9 per cent of the heavy oils or still bot- 
toms, used in preparing the asphaltic cement described on 
pages 183 to 185. This preparation is mixed with hot 
powdered limestone, or powdered fnmaco slag, and then com- 
pressed with a force of about 50 tons into blocks measuring 
4 inches by 5 inches by 12 inches. The pressure, which is 
applied to the narrowest face of the block, exceeds one ton 
to the square inch. The limestone or slag is not required 
to be of the firmness of impalpable powder, but is composed 
of grains of all sizes from dust up to the size of a small pea. 

The blocks are laid close together on their longest edges, 
in courses across the street, breaking joints lengthwise of the 
street, the joints being filled with suitable asphaltic cement 
so as to render the pavement watertight. The foundation 
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should be firm and stable, such as the best of those described 
on pages 143 to 149. This pavement while new would be 
nearly as smooth as that of the continuous sheet of asphalt 
heretofore described, but the wear of heavy traffic would, in 
a short time, crumble off the edges of the blocks and open 
the joints at the surface sufficiently to give the horses a foot- 
hold, without impaii'ing the im pervious n ess of the covering. 
It is suggested that it would be better to form the blocks 
with slightly truncated or rounded edges, so as to give the 
i-equisite foothold when the pavement is laid, rather tlian to 
secure the same end by the irregular and ragged abrasion 
caused by use. As they are homogeneous in toughness and 
hardness, the blocks can be taken up, when their surfaces be- 
come uneven from unequal wear, and relaid in mortar, bottom 
sides tip, with all the smoothness of a new pavement. It may 
be added that the process of refining and careful manipula- 
tion described on pages 183 to 185, is equally necessary 
whether the material be applied as a monolithic sheet, or 
as blocks, and any mixture that is suitable for the former is 
also suitable for the latter ; also, that a form of sand is not a 
proper foundation in cither case. 

Merits of Asphalt Favemeat. 

The advantages possessed by monolithic asphalt pave- 
ments constructed by either of the two methods above 
described are (1) that they produce no dnst and therefore no 
mud ; (3) are comparatively noiseless, the clicking of the 
horses' feet excepted ; (3) do not absorb and retain noxious 
liquids but facilitate their prompt discharge into the side 
gutters and sewers ; (4) they are impermeable and emit no 
noxious vapors themselves, or allow their emission from the 
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subsoil ; (5) they reduce the force of traction and eonse- 
qaeatly the expense of weai' and t«ar upon animals and 
vehicles to a minimum ; and (G) althougli they do not famish 
as secure a foothold for animals drawing heavy loads as 
stone blocks in narrow courses, or as cobble stones, still they 
do not become polished and slippery from continued wear. 

They are adapted to all streets with a grade not steeper 
than 1 in 48 to 1 in 50, except perhaps those thickly crowded 
with heavy loads, and liable to be kept constantly wot and 
slippery during the busiest hours of the day, from the 
accumulated urine of animals, and wlicre the vehicles are 
subject to the inconvenience of frequent and sudden halts, 
starts, and sharp turns, like many of the streets in the lower 
portions of the city of New York, and especially like Broad- 
way below Tourteenth street, over every transverse section 
of which, from 13,000 to 14,000 vehicles of all kinds pass 
daily. In such localities it seems neccssaiy that the pave- 
ment should possess that roughness of surface conferred by 
blocks laid with open joinfa directly or diagonally across 
the street. 

Where the traffic is of a lighter character, or whore there 
is ample room for conducting it without inconvenience, or 
where a large proportion of it is pleasure driring, and par- 
ticularly where the streets are lined with residences on either 
side, the many advantages of a good asphalt pavement, its 
cleanliness, its noiselessness, and its imperviousness to noxious 
fluids — important features in which it stands unrivaled — 
should not be lost sight of. 

Another consideration demanding the exercise of sound 
judgment is that no pavement combines the opposite require- 
ments of an even surface for the wheels, and a suitably 
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rough one for the horses to travel upon, and a compromiso 
of advantages must therefore be made in most cases. 

The wear of asphalt is quite small, its diminished thick- 
ness under traffic being principally duo to compression and 
not to abrasion. 

It has been ascertained in London that some epecimens of 
Val do Travels asphalt, subject to four years' ivear in a street 
of the greatest traffic, had diminished about one-ninth in 
thickness, while its specific gravity had increased in about 
the same ratio. 

Some of the same material after fifteen years' wear, ii\ 
Hue de Berg^re, Paris, was foimd to have lost 12^ per cent 
of its thickness, but only 5 per cent of its total weight. 

This material is, to a great degi-ee, a non-conductor of 
vibration and of sound. It is much less sonorous than 
granite, and gives oat very little noise from wJieels. When 
properly laid, loaded vehicles make no impression upon it. 
A four-wheeled truck weighing three tons, carrying a boiler 
weighing twenty-one tons, passed over a piece of asphalt 
pavement in Fifth Avenue near Twenty-fourth street, New 
York, without leaving any mark. This occun'cd in the last 
week in June. 

The asphalt covering rarely exceeds two or three inches 
in thickness, and readily adapts itself to any subsidence or 
movement of the surface on which it rests. A firm and un- 
yielding foundation is therefore an indispensable requisite of 
» good asphalt pavement. Concrete is recommended for 
this puipose, in all localities. 

As the asphalt surface is smooth and even when properly 
laid, offering but a trifling obstaclo to surface drainage, a 
comparatively flat cross section is admissible, and, as a 
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precaution against horses falling, may be regarded its indis- 
pensable. The inclination toward the side gutters slioiild 
not exceed 1 in fiO. For the same reason the grades must be 
kept low, preferably not steeper than 1 in 50, in order that 
great extra effort may be avoided either in pnlling on the 
np grades, or in holding back on those that are descending. 

Streets with an Undulating grade should not be paved 
with asphalt upon those portions steeper than 1 in 50. 

AVith suitable appliances, labor at $3.00 per day, natural 
American hydraulic cement at $1.50, or Portland cement at 
$4.00 per barrel, and refined asphaltic cement at 1^- cents 
per pound, an asphalt pavement of the hind described on 
page 183, and following, can be laid for $3. TO to 2.80 per 
square yard, exclusive of profit to the contractor, as follows : 

Concrete foundation 6 incliea tliick (labor and material), $1.40 to $1 ,45 
Asplialt covering 2 inclics thick do do 1.30 to 1.35 



..$2.70 $3.8( 



This includes nothing for earth work, but supposes the 
road bed to have been suitably excavated or filled in, as the 
case might be, in readiness for the minor adjustments of 
grade and cross section, preparatory to laying the foundation. 

If the natural asphalt rock from Seyssel or Val de Travers 
be used for the covering, 80 to 90 cents per square yard 
will have to be added to the foregoing prices. In the city 
of Washington, these pavements of the natural rock have 
cost, within the last six years, $4.25 per square yard iuelu- 
sivo of profit, altiiough the payment was made in depre- 
ciated securities. 

Among intelligent people, there are many, more or less 
familiar with bitumen and its u.ses, who claim that no 
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iispliiUt pavement can be produced, eqnal to that made with 
natural asphalt rock, because that rock is natural. This 
assumes that nature leaves her work so nearly perfect, that 
improvement upon it is impossible, a premise that cannot be 
maintained. The crude petroleums possess very little value 
until they have passed through the laboratory of the prac- 
tical chemist ; and the mineral tars of tho Jurassic region, 
when used for enriching the meagre bituminous limestone, 
or when added to that material in the manufacture of bitu- 
minous mastic, are always refined beforehand. The asphal- 
tic cement to which reference has been made on pages 183 to 
185 is prepai-ed from the natural bitumens, and is identical 
in ehomical composition, in color, tenacity, and all other 
physical features, with the best refined mineral tar, with this 
advantage over the mineral tar contained in the asphalt 
rock, that its consistency may be adapted to any climate, 
while the other is suited to but one. What is wanting in 
this respect can, however, be easily added for any latitude. 

"Whetlier the amorphous pulverulent carbonate of lime, 
which forms the body of the asphalt rock, can be dispensed 
with and its place supplied from other soui'ces, is that 
branch of this subject, to which the differences of opinion 
really attach. Uutil quite recently — say within the last 
eighteen months — the writer somewhat mildly took the 
negative of this question, and hia views were published in 
a short article on bitumen, in Johnson's New Universal 
Cyclopsedia. But the success of certain asphalt pavements 
in the city of New York, notably those in Pifth avenue near 
Twenty-fourth street, and iu Eighteenth street east of Fourth 
avenue, leaves no doubt in his mind that the bituminous lime- 
stone, and the minerid tai-s of the Jurassic region can both be 
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i with in the future, for paving purposes. The two 
pavements refen-ed to were not laid upon proper foundations, 
but directly upon the old bloek-atono and cobble-stone pave- 
ments set in sand. There has therefore been unequal settlo- 
mont in the foundations to some extent, to which tlie sheet 
of asphalt has conformed, as it always will. In other respects, 
and indeed in all respects, involving the merits of the mate- 
ria! in question, those specimens of street covering compare 
favorably with the asphalt-rock pavements of Paris and Lon- 
don, with which the writer is to some extent familiar both 
from personal examination, and from the written reports 
of experts. 

Comparative merits of "Wood, Stone, and Asphalt 
Pavements. 

In this comparison only firsfc-dass pavements of their 
kind will be considered. The brick pavement described on 
pages 168 and 169 is omitted for want of sufficient data with 
regard to its durability and cost. The asphalt block pave- 
ment, in the absence of direct personal knowledge respect- 
ing its several merits, is also omitted, although regarded 
with great favor. 

Durability, 

Assuming the foundation to be firm and solid, so that 
ruts and depressions cannot form upon the surfiice except 
from actual wear, a pavement of atone blocks, of first qual- 
ity as regards hardness and toughness, will possess the long- 
est life of the three, and one of wood blocks the shortest : 
asphalt lies between the two and very near to the stone, and 
will fluctuafco from this position witli the amount and kind of 
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traffic, and the jiifluenees of the climate. As a rule wooil 
must ho regarded as the leaafc durable. When it begins to 
go— at the end of two or three years, under heavy traffic— it 
wears rapidly into deep and nnmerons ruts, hy the erushin" 
of the blocks to their entire depth. Unless the stone be of 
excellent quality for pavements, it takes the second place i!i 
the order of durability, and asphalt the first. 

First Cost. 

The absolute cost of constructing the difEerent pavements 
will of course vary yery considerably with the locality. It is 
believed, however, that with few exceptions, tho following 
order of cheapness will obtain throughout the United States : 
■viz., first, wooden blocks ; second, asphalt, on a solid cobble 
stone foundation ; third, asphalt, on a concrete foundation; 
fourth, stone blocks on a concrete foundation. 

Cost of Maintenance and Repairs. 

Under this head tlic life or endurance is to be consid- 
ered, and the total expense must extend over and cover aperi- 
od of time representing that endurance, under the assump- 
tion that at the end of that period, the pavement is in as good 
a condition as at the beginning when it was new. The repairs 
for the first two or three years will he comparatively trifling, 
and in some cities, more especially in England, it is custom- 
ary for the constructor to maintain tlie pavements in a 
good sound condition without chai'go for one, two, and 
sometimes three years, and subsequently for a longer period, 
seldom exceeding fifteen years, for a specified sum per squai'c 
yard per year. 

"With regard to wood and asphalt, tlie recorded observa- 
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tions make it certain that although a pavement of ivoodcn 
blocks is leas costly to construct than one of asphalt, not only 
is its annual coat for repairs greater, but its mean annual cost 
during its life, inclusive of the first cost, is also greater than 
that of asphalt. With regard to stone, there is a vast differ- 
ence in the endurance of hard and tough basalt or trap, and 
the average granite and gneiss. 

In economy of maintenance per year during the life time 
of a pavement, including its first cost, the hard basaltic trap 

ks I ould b pile d fi t, asphalt second, and wood third, 
e 1 1 n io al t wl o wood is very cheap and suitable 
st ne nn t 1 p u d or is subject to heavy cliarge for 
t an p t t on Lnde u h circumstances stone would take 
tl e t} d 1 1 and wo d would rise to the iirsfc. Whero 
w d nd tone e both expensive, or the latter is not of 
tl e 1 e t q 1 ty w tl r peet to toughness, asphalt would 
tk th fi tp t 

Facility of Cleansit^. 

Both mud and dust adhere with more tenacity to wood 
than to asphalt or stone, more especially after the fibres of the 
former begin to crush and abrade, and the order of merit in 
this respect will be first asphalt, second stone, and thii-d 
wood, whetlier tlie cleansing bo done by sweeping or by 
washing. It stands to reason that a smootli, even surface 
can be cleansed more rapidly than one cut up with numer- 
ous joints. 

Convenience. 

Mr. William Haywood, C.E., of London, in his report 
" as to the relative advantages of wood and asphalt for pav- 
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iiig purposes," made to the commissioners of sewers of the 
city of London, March 17th, 1874, sa^ that "asphalt is the 
smoothest, driest, cleanest, most pleasing to tlie eye, and 
most agreeable for general purposes, but wood is tlie most 
quiet." It might perhaps be better to say that the noise pro- 
duced by wood is of a difiei-eut kind, which may be more 
disagi-eeable to some persons and less so to others. Stone is 
the noisiest of all pavements. 

The noise produced by wood is a constant rumble, that 
by aephalt an incessant clicking of the horses' feet upon the 
street surface, with scarcely any noise from the carriage 
wheels, while stone gives out a deafening din and rattle 
from feet and vehicle combined. 

On the supposition that the surface is kept clean by 
either sweeping or washing, the diffcrenco in slippeviness 
betwecD wood, stone that does not polish under wear, and 
asphalt, is not great, although enough, perhaps, to place 
asphalt last ; while a liorse not only falls more frequently, 
but recovers himself less often and less easily upon it than 
upon the others, by reason of the joints in the latter, which 
give a foothold. When the surface is covered with mud, 
asphalt is the most slippery of the three, and very little mud 
makes it slippery. It cannot be said to be slippery wheu 
very dry, or, if free from mud, when very wet. 

In times of snow there appears to be little if any differ- 
ence in this respect between wood, asphalt, and stone, but 
under a sharp dry frost, asphalt and stone are generally quite 
dry and safe, while wood retains moisture and is very slippery. 

In the condition in which tliey are usually maintained, a 
slight rain adds to tlie slipperiaess of each of these pave- 
ments, with this difference that on asplialt and stone tliis 
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state begins ■witli the rain or very booh thereafter, while 
the woj-st condition of wood ensnes later. Ifc however lasts 
longer than upon the others on accouut of its absorbent 
nature. "With regard, therefore, to the convenience and 
comfort of those using the street, as well as those living 
adjacent thereto, the weight of opinion appears to place 
asphalt first, wood second, and stone third, for all streets 
except those habitually crowded with heavy traffic, in which 
ease stone would rise to the first place and asplialt drop to 
the third. 

Hygienic Considerations. 

A practical and general recognition of the fact— so well 
known in the medical profession, and indeed among all 
ranks of cultured people — that the pavements of a city 
exert a direct and powerful influence upon the health of its 
inhabitants, has never been Becnred. Most people claim 
simply that a street surface should be hard and smooth with- 
out being slippery, and, as a measure of economy, that it shall 
be durable and easily cleansed ; but they go no further. 

The advantages of noisclossness are recognized by many 
npon various grounds ; by the large majority as simply con- 
ducive to comfort, but by few as conducive to health ; while 
the kind of material used, provided it satisfies the foregoing 
conditions, and the character of the surface is satisfactory 
with regard to continuity and impermeability, is far too 
generally considered to be a matter of small moment. 

The hygienic objections to granite, are first its constant 
noise and din, and second its open joints which collect and 
retain the surface liquids, and throw off noxious vapors and 
filthy dust. 
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In popaloua towns there is scarcely a moment of silence, 
night or day. M, Fonssagrives, Professor of Hygiene at 
Montpelier, says, " I cannot consider such a perpetual vibra- 
tion of the nerves as harmless even for those ivho have been 
born and bred in the midst of the noise. It is certain that 
it is a very genuine cause of erethism, and to it must bo 
ascribed tho prevalence of nervous temperaments and dis- 
eases in the large towns. ■ . I have known a young girl 
of seventeen years old, suddenly transported from the prov- 
inces to a noisy quai-ter of Paris, show the most alarming 
symptoms of nervous disorder, which did not subside until 
she returned to a quieter and less exciting atmosphere. At 
the periods of a woman's life when she is most subject to 
nervous maladies, this danger should be most carefully 
guai'ded against. And what shall we say of the nerves of 
children and invalids ? If the former are hard to rear in 
cities which create hysterics at eight years of age, some 
blame must certainly be laid npon the air they breathe and 
the moral conditions in which! they have been educated ; 
but some part of the evil must be attributed to the influence 
exercised by noise ou these little beings, iu whose organiza- 
tion the cerebral predominance is the most marked feature. 
As for invalids, quiet is of the first importance, and the 
noise in the streets is the cruelest stumbling block in the 
way of recovei^." 

Dr. A. M'Lane Hamilton, Assistant Sanitary Inspector 
of the city of New York, in an official report dated October 
19, 1874, says, "A quiet and noiseless street pavement 
would advance the health of the population to a great extent. 
The sufferer from nervous diseases would find relief from 
the noise of empty omnibuses and wagons rumbling or rat- 
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nuisance. In fact there would be many more sanitary 
benefits resulting from ii change than I can here detail." 

It is not deemed necessary to enlarge further upon this 
point. The writings of eminent medical practitioners arc 
full of testimony to the pernicious influence of street noiso 
and din upon the health of the population, particularly upon 
invalids and persons with sensitive nerves. 

Tlie noisome and noxious exhalations emanating from 
the putrescent matter, such as horse-dung and urine, col 
Iccted and held in the joints of stone pavements, constitutes 
another sanitary objection to their use in populous towns. 
Exceptions to wood may be taken upon the same, and even 
upon stronger gi-ounds, for the material itself nndergoea 
inevitable, and, sometimes, even early and rapid decay, in 
the process of which the poisonous gases resulting from 
vegetable decomposition are thrown off, 

Tlie joints of a block pavement, whether of wood or 
stone, constitute, after enlargement by wear, fully one- 
third of its area, and under the average care, the surface of 
filth exposed to evaporation, covers fully three-fourths of 
the entire street. This foul organic matter, composed 
largely of the urine and excrement of different animals, is 
retained in the joints, ruts, and gutters, where it undergoes 
putrefactive fermentation in warm damp weather, and be- 
comes the fruitful source of noxious efluvium. In dj-y 
weather this street soil, of which horse-dung is a largo 
ingredient, floats in the atmosphere and penetrates the 
dwellings in the form of unwholesome dust, irritating to 
tlie eyes and poisonoiis to the organs of respiration. Its 
damage to furniture, though serious, is unimportant in this 
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connection. In the side gutters aud underlying soil the 
fonl matter exists in a more concentrated form, the supply 
being constantly renewed from the crown of the sti-eet, and 
in many districts, from tlie filthy surface drainage of hack- 
waya and alleys peopled by the poorer classes. Is it too 
much to say that under such circnmstancee, the infant 
population, and especially the children of poor people, in 
large towns, can only he reared under sucli predispositions 
to disease, as will constitutionally render them an easy prey 
to epidemics in maturer years ? 

The foregoing are some of the leading hygienic objections 
to pavements laid in blocks, whether of stone, wood or other 
material. There are others pecuhar to wood alone arising 
from its decay, its natural porosity, and the spongy char- 
acter conferred upon it by wear and crushing. 

" Impregnation of the wood with mineral matters, to pro- 
serve it from decay, may diminish these evils, bnt nothing 
as yet tried prevents the fibres being separated, and the 
absorption of dung and puti-esceut matter by t!ie wood 
being continned. The condition of absorbing mere moist- 
nre ia of itself bad, but when the surface absorbs and 
retains putrescent matter, such as horse-dung and urine, it 
ia highly noxious. The blocks of pavement with this 
material are separated by concussion, and are thus rendered 
permeable to the surface moisture. Mr, Sharp, who exam- 
ined some blocks taken up for re-pavement, states that he 
found them perfectly stained and saturated with wet and 
urine at tlie lower portions, while the upper portions were 
dry. Mr. Elliott, a member of the society, and for many 
years a deputy of tlie Common Council of the city of London, 
has carefully observed the trials of new modes of pavement 
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tliere, and objects to the wood that it is continuously wet and 
damp. ' Wood is porous ; it is composed of bundles of fibres. 
It absorbs and retains wet, foul wot especially. The fibres 
of the wood are placed vertically, the wpper ends whereof 
f my out, are abraded and become like painters' brush stamps, 
and arc almost permanently dirty, or they break hko the 
handle of a chisel which has been struck with an iron ham- 
mer or wooden mallet.' This fact is beyond all question. 
Wood is wet or damp, more or less, except during continued 
very dry weather. Its structure is admirably adapted to 
receive and liold, and then give off in evaporation, very foul 
matters, which taint the atmosphere and so far injure 
health." (Report of P, Le Neve Poster, Secretary, Society 
for the Encouragement of Arts, Minufaetuies, and Com- 
merce : London. 1873.) 

Physicians assert that hospital gingrene fiequeutly 
results from washing the wooden floors of the waids with 
water, and that on shipboard, new or moist timber between 
decks, impairs tlie health of the sailors Fatal epidemics at 
sea ha*e been traced to timber that baa become saturated 
with putrescent matter, or wet with bilge water. 

Prof, Fonssagrives, of France, says: " T lie hygienist can- 
not, moreover, look favorably upon a street covering consist- 
ing of a porous substance capable of absorbing organic matter, 
and by its own decomposition giving rise to noxious miasma, 
wliich, proceeding from so largo a surface, cannot be re- 
garded as insignificant, I am convinced tliat a city with a 
damp climate, paved entirely with wood, would become a 
city of marsh fevers." 

The dust produced by the abrasion and wear of a wooden 
pavement is regai^ded by physicians as extremely irritating to 
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tho organs of respiration, and to the eyes, and being liglit 
in weight, it floats longer in the atmosphere and is carried 
to a gteator distance, thiin that from any other suitable 
material in nse for street pavements, 

The evidence, from a sanitarian point of view, against 
tlie use of wood for paving purposes in populous towns, is 
very strong, but the evils ave not developed to the same 
extent in all localities. Decomposition begins in two or 
three years in elayey and retentive soils, wliile it is very 
considerably retarded and tho wood remains habitually drier 
and emits less efluvia where the subsoil is sandy and porous. 

The most characteristic features and properties of asphalt 
pavement have heenbriefly summarized on pago 176 and it is 
not deemed necessary to repeat or enlarge upon them here. 
Professor Ponssagrives remarks that, " The absence of dust, 
the abatement of noise, the omission of joints — permitting a 
complete impermeability and thus preventing the putrid 
infection of the subsoil — are among the precious benefits 
realized by asphalt streets." 

Upon hygienic grounds, therefore, asphalt conspicuously 
stands first, stone second, and wood third, in order of merit. 

The correct inference from the foregoing discussion is 
that no one pavement combines all the qualities most desir- 
able in a street surface. It cannot be sufficiently rough, or 
sufficiently soft, to give the animals a secure foothold, and at 
the samo time possess that smoothness and hardness which 
is BO essential to easy draught. The advantages of open joints 
and entire fi-ecdom from street fllth cannot exist together, 
under any reasonably cheap method of cleansing the surface. 
A pavement of impermeable bloclis, if laid upon a solid 
foundation, may be constructed and maintained in a water 
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tight condition, by thoroughly calking tlic joints with 
suitable material, leaving the surface sufSciently rough and 
open to obviate the objection to a coatinuous mouolithic 
covering, but roughness, combined with the requisite hard- 
ness, is incompatible with the freedom from noise attainable 
with some kinds of acceptable sti-eet surf ace. 

In order, therefore, to obtain the best pavement for any 
given locality a judicious balancing of characteristic merits is 
generally necessary. The best pavement, so far as we now 
know, for«ill tho busiest streets of a populous city, where tho 
traffic is dense, heavy and crowded, is one of rectangular 
stone blocks set on a foundation as good as concrete, or as 
rubble stone filled in wifh concrete ; and the next best is 
one of Belgian blocks sot in tho same manner. 

The best pavement for streets of ample width, upon 
nhich tho daily trafBc is not crowded, or for streets largely 
devoted to light traffic or pleasure-driving, or lined on 
cither side with residences, is continuous asphalt for all 
grades not steeper than 1 in 48 or 50, 

If tho blocks of compressed asphalt fulfill their present 
promise, they may be able Co replace those of stone upon 
streets where the latter are now preferable to a sheet of 
r.sphalt on account of the steepness of the grade. 

It has been urged, as an objection to a concrete founda- 
tion, that it is difficult to take up in order to reach the gas and 
water pipes. This is true only in the sense that good work 
is not easily taken to pieces. But such a foundation when 
torn up or deranged from any cause, can readily be restored 
to its former condition, and the pavement i-elaid upon it 
with all its original smoothness, firmness, and stability, con- 
ditions which do not obtain with any kind of pavement laid 
upon a bed of saud or gravel. 
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CHAPTER VI. 

SIDEWALKS AND FOOTPATHS, 

Sidewalks and other footpaths aro usually paved with 
flagging- stone, bricks, wood iu tlie form of planks or blocks, 
or some variety of concrete in which either bitumen or 
hydraulic cement is the binding material. Various kinds 
of artificial stone have been used for the same purpoae. 
Most of the pavements above named are so well known as to 
need no mention here. 

Concrete Footpaths. 

Concrete footpaths should he laid ni>on a form of 
well compacted sand or fine gravel, or a mixture of sand, 
gravel and loam. The natural soil, if sufflcicntly porous to 
provide thorough sub-drainage, will answer. 

It is not usual to attempt to gnard entirely against the 
lifting effects of frost, bnt to provide for it by laying tlio 
concrete in squares or rectangles, each containing from 
twelve to sixteen superficial feet, which will yield to upheaval 
individually, like flagging stones, without breaking and with- 
out producing esteusive dtatnrbance in the general surface. 
When a case arises, however, where it is deemed necessary to 
prevent any movement whatever, it can be done by under- 
lying the pavement with a bed of broken stone, or a mixture 
of broken stone nnd gravel, or with ordinary pit-gravel con- 
taining just enough of detritus and loam to bind it together. 
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In high latitudes this bod should be one foot and upwards ia 
thickness, and should be so thoroughly sub-drained that it 
will always be free from standing water. It is formed in 
the usual manner of making broken stone or gravel roads, 
already described, and finished off on top with a layer of 
eand or fine gravel aboub one inch in depth for the conereto 
to rest upon. 

The concrete should not be less than 3| and need rarely 
exceed 4 to 4^ inches in thickness. The upper surface to 
the depth of i inch should be composed of hydraulic cement 
and sand only. Portland cement is best for this top layer. 
For the rest any natural American cement of standiU'd 
quality will answer. The foUowhig proportions ai-e recom- 
mended for this bottom layer : 

Kosendale or othett American ceaieot 1 meaeure. 

Clean eliarp saud 2J^ " 

Stone and gravel 5 " 

It is mixed from time to time as required for use, and 
is compacted with an iron-shod rammer, in a single layer, to 
a thickness, less by half an inch than that of the required 
pavement. 

As soon as this is done, and before the cement has had 
time to set, the surface is roughened by scratching, and the 
top layer composed of 

1 volume of Portland cement, and 

2 to 21^ volumes of clean fine sand, 

is spread over it to a uniform thickness of about 1^ inches, 
and then compacted by rather light blows with an iron-shod 
rammer. By this means its thickness is diminished to half 
an inch. It is then smoothed off .ind polished with a 
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mason's trowe], and covered up with hay, grass, eand, or 
other suitable material to protect it from the raja of the sun 
and prevent its drying too rapidly. 

It should lie kept damp and thus protected for at least 
ten days, and longer if circumstances will permit ; and even 
after it is opened to travel, a layer of damp sand should be 
kept upon it for two or three weeks to prevent wear while 
tender. 

At the end of one month from the date of laying, the 
Portland cement mixture forming the top surface wiU havo 
attained nearly one-half its ultimate strength and hardness, 
and may then bo subjected to use by foot passengers without 
injury. 

The rammers for compacting the concrete should weigh 
from 15 to 20 pounds, those used on the suirface layer from 
10 to 12 pounds. They ai'e made by attaching rectangular 
blocks of hard wood shod with iron, to wood handles about 
3 feet long, and are plied in an upright position. 

Certain precautions are necessaiy in mixing jind ram- 
ming the materials, in order to secure the best results. 
Especial care sliould be taken to avoid the use of too much 
water in the manipulation. The mass of concrete, when 
ready for use, should appear quite incoherent and not wet 
and plastic, containing water, however, in snch quantities 
that a thorough ramming, with repeated tJiough not hard 
hlowsjWill produce a thin film of moisture upon tlie surface 
under the rammer, without causing in the mass a gelatin- 
ous or quicksand motion. 

The concrete may bo prepared by hand, or in the con- 
crete mistoe Fig. G4. Equal care is essential in mixing and 
compacting the top layer of Portland cement and sand. The 
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miiing should be so tliorongli that emh grain of sanj will 
be entirely coated witli a tliiu film of plastic cement, with 
YC17 little excess of cement not thus disposed of. 

A characteristic property of this mixture when proi-)erly 
and uniformly prepared, is that it does not assume a jelly- 
like motion under the rammer. Excess of water mnst 
therefore be carefully avoided. The cement mast be pre- 
cisely such that the effect of each blow of the rammer will 
be distinct, local, and permaiieut, without disturbing the 
contiguous material compacted by previous blows. If it be 
too moist the mass will shake like wet clay ; if it be too dry 
it will rise up around the rammer like sand. In either case 
the mass cannot be suitably compacted by ramming, and 
would therefore be comparatively weak and porous after 
setting. 

The Portland cement and sand may be mixed together 
by hand on a mortar bed, but that process, to obtain 
thorough and uniform manipulation, would be tedious and 
expensive. A better method would be by a cubical box of 
somewhat smaller dimeusions than the concrete mixer 
referred to above. A kind of trituration, or a grinding and 
rubbing process of mixing gives the best results. This may 
be easily and inexpensively secured by putting in the box, 
with the cement, sand, and water, several smooth rounded 
pebbles weighing 6 to 8 pounds each. Alter the batch is 
emptied out upon the platform, these are taken out for 
further use.* 

* Tlie writer's previous publications, vii., " Limes, Hydraulic 
Cements and Mortars," and "BSton Agglomere find otlier Artificial 
Stones," give full details on this Lrancli of the subject. They are 
published by D. Van Kostr.ind, New York City. 
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AVheii silicioiis hydraulic limo, like that of Toil, Prance, 
can be proem-cd at moderate cost, it can be used with advan- 
tage to replace one-third to one-half of the Portland cemenf , 
care beiug taken to so adjust the proportions that the vol- 
ume of paste produced by mixing and tempering the cement 
imd lime together, shal! exceed by about 25 per cent the 
volume of voids in the sand, as ascertained by the water 
test. 

In laying concrete footpaths in squares or rectangles, the 
material is spread and rammed between stout planks sot 
and firmly maintained on edge, with their upper edge coin- 
cident with the surface of the path, every alternate square 
being omitted in the first instance^ to be subsequently filled 
in, — Eiiy on the following day — after those firet formed have 
become snOiciently haitl to sustain without injury, the ram- 
ming of the fresh concrete against them. To prevent 
adliesion between the sqriiu-es, tlie edge against wliich the 
now material is placed may be covered with whitewash, or a 
coafc of oil. A strip of fclfc, mrrslin, or ciird' board intejqjosed 
between the squares will answer the same purpose, although 
tliis device is covered by the Schilliuger patent. 

One advantage of this kind of footpath, over that formed 
in a continnons layer, is that the squares can be taken up to 
get at water and gas liipcs, and then replaced without in jury. 
In some eases it may be advantageous to mould the squares 
under sheds, and then lay them like common flagging-stoues, 
after they have become sufficiently strong to bear handling 
and transportation. Three weeks will generally snlHce for 
this puriiose. It will he found unadvisable to make them 
larger than throe to t]ir03 and a half feet squai-e. 

The Schilliti^er pavement foriuntp;il]is, whk-li is paleiiLcd 
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ill respect to the method of preventing adhesion hetween tlic 
Bfjuiires, is formed substaoitially after the manner above dc- 
Bcribcd, with this important exception and defect, that tlio 
toil layer, which receives all tlie iveai', instead of being mixud 
with very little water and compacted by ramming, is applied 
in a plastic condition as a coat of mortar. It is therefore 
comparatively deficient in hardness, compressive strengtli 
and the ijowcr of resisting frost. Its want of compressivo 
strength, in particular, was fnlly proved by experiments in 
1S71, recorded in the volume on "Beton Agglom6re and Other 
Artificial 8toncs," from wliich the table page JJ14 is fciben. 
It shows in a marked manner the superior strength of a 
mixture tiiat can be compacted by ramming ; as well as the 
superiority of Portland to Eosendalo cement. 

The surface layer of the concrete pavement above dc- 
Bcribed, resembles in all essential respects the artificial atone 
towhich the name b@ ton agglomfirfi has been given in France, 
sometimes known as beton Coignet, from M. Francois Coignct 
of Paris, who first introduced it. In rrance, however, 
the silicious hydraulic lime of Teil I'eplaces the PortlamS 
cement to a largo extent, some of the strongest samples ol 
the stone having been made with 1 measure of this lime 
(slaked and in powder) J of a measure of di-y Botilogno Port- 
land cement, and 4 measures of sand. The compressive 
strength of this mistnre, when 21 months old, was reported 
by Mr. P. Michclot, ingenienr-in-ehief des Ponts et ChauEs6o 
to be 7170 lbs. per square inch for one specimen, and 'i'405 
lbs. for another. The specimona were rectangular: blocks Si- 
inches deep, 3 inches long and 2J inches ivide. 
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The table gives the compressive strength of blocks 3^ 
inches wide, 5i inches long, and 3 inches thick, the area 
under pressure being 19i square inches. Some of the blocks 
were made with little water and compacted by ramming, 
others witli plastic, rather over-stiff mason's mortar, firmly 
pressed into the moulds with a trowel. The Portland 
cement was made at Bonlogno, Prance. The blocks were 7 
days old, having been kept in water G days. 

Asphalt Footpaths. 

Asphalt sidewalks may he laid after eitlier of the two 
methods described for pavements for can'iage ways, but the 
thickness of the foundation, if of concrete, need not gener- 
ally exceed 3 to 4 inches, and that of the asphalt covering 
may be restricted to from f to J or at most -| of an inch. 

In compact clayey soils the fonndation shonld rest npon 
a lay of sand or gravel, 4 to 5 inches in thickness, to secure 
snb-draiuage, and guard against npheaval by frost. Tlic 
various patented pavements containing coal tar, resin, pitch, 
etc., will generally answer as a foundation for the aE2)halt 
layer. 

Asphalt in the form of Bitviminons Mastic is also used for 
]»aving sidewalks. This mastic may be prepared by heating 
together. In a covered iron boiler, mineral tar either nat- 
ural or manufactured, (see page 173 and 183) and certain 
calcareous, silicious, or earthy substances previously reduced 
to powder, and it differs from tlie mixture used for paving 
Ciirriage ways only in containing a little more of the min- 
eral tar. 

The bituminous mastics of Seyesel or Val de Travers are 
prepared by mixing the bituminoas limestone from those 
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localities, previonsly pulverized by gvinding or by roasting, 
with tlio mineral tjir derived from the impregnated sand- 
stoue. In the Seyssel limestone 7 to 8 per cent of tar must 
generally be added, while that from Val de Travers will 
seldom requii-o moi-e than 4 to 5 per cent of tar. The tar 
reqnired for a given qnantity of mastic ia first heated in the 
iron boiler, nntil the liquid begins to emit a whitish vapor. 
Tlio powdered stone is then added little by little, care being 
tjikeii not to add it in quantities large enough to canse a 
sudden lowering of the temperature. The emission of a 
yellowish or brownish vapor indicates too high a degi-ee of 
Jieat, when the fire must be reduced and the mass stirred 
rapidly, to prevent injury to the mastic by scorching. 

For convenience of handling, the mastic is moulded into 
blocks measuring about 20 mehes by 12 inches by C inches. 
When used it 13 biohen up into small frigments inl re- 
nieltecf, 2 to 3 per cent of mineral tai bemg then ilded to 
compensate for lias at the second ln,atiiig 

The pnlvenzatiou of t!ie bitummou=i 1 me tone p epara- 
tory to itsincoiioiition withthL miiLiil ti mn b effected 
by cither grinding or loasting 

For grinding it is simply bic ten up into pieces ihcutthe 
size of a hen's eg"' and then passed through anynrlinary 
mill. The gi-inhUo can best be conduttod in coll dry 
weather, as the stone is then less liable to cake ia the milt. 

For roasting, tJie stone is first broken up as for grinding, 
and then gently heated in a covered iron vessel, accompanied 
by constant stirring with an iron instrument, which causes 
the fragments to disintegrate and fall into a partially colie- 
reut powder. 

Bituminous mastic is suitable fur paving sidewalks. 
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cellars, areas, markets, and for covcriug Wiills anil arclios ti> 
CEclnde water, and, prevent leakage. 

It is extensively used in forfcifioations for covering the 
arches of gun-casemates and powder magazines before the 
earth covering is put on. When employed for pavements it 
should be laid upon a concrete foiindation of sufficient 
thickness to support, -without settlement or other disturbance, 
tljo greatest weight likely to come upon it. This thickness 
will therefore depend upon the character of the underlying 
soil, but will rarely exceed 3 inches. The tliickuess of the 
mastic covering is usaaliy f to f of an inch. It is applied 
by spreading it while hot and plastic, with a wooden trowel 
or spatula, great care being taken to form a water-tight junc- 
tion between contiguous strips. Before applying tlie mastic 
upon hydraulic concrete the latter should be covered with a 
very thiii slipped coat of common lime mortar ; just enough 
to make it smooth. 

As bituminoiis mastic contains more of the mineral tar 
or asphaUie cement than the mixture for street pavements 
heretofore described, it is softer than that mixture, at the 
same temperature, and is never iised for paving carriage 
ways, or where it will bo subjected to the continued tread of 
heavy animals. It is doubtful whether it is as good even for 
sidewalks, as asphalt applied in the usual way by ramming. 

Where sidewalks have vaults beneath them, it is impor- 
tant that the percolation of water from the top as well as 
from the side walls next the street should be prevented. 
Wlien the vaalts are covered with arches, a layer of bitu- 
minous mastic, and even of some of the best coal tar prepara- 
tions, properly laid over the arches before the earth filling 
is pit on will prevent leiikage from the top. 
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Another method is to keep the arclioa so low tluit a 
monolitliic bed of cement couci-ete, rather ricli ia gooJ 
cement mortar, and not less than 4 to 5 inches in thickness 
over the crowns of the m-ches, can he put over tlio entire 
widtli occupied by the vaults and the side wall next the 
street, the top sm-faco of the concrete being finished with a 
coat of rich cement mortar, at the proper height and slope 
to receive the pavement. 

Another method still is to omit the arches altogether, 
and span the entire width of the sidewalk with stone plat- 
forms 8 to 10 inches in thickness, of which the outer edges 
tiike the place of the curb stones, and the top surfaces that 
of the side-walk pavement. These platforms fit closely to- 
gether at the edges, which are calked to render them water 
tight, and they may rest upon intermediate piers or columns, 
wherever danger is apprehended of their inability to support 
tlie greatest weight which may bo placed upon or moved 
over them. 

The vault wall next the street, if properly constructed 
of rich cement concrete in a monolith 15 to 18 inches 
thick, will oxehide the water perfectly. If of brick laid 
in bituminous mastic, with all the vertical joints compactly 
filled with the same material, it will also he water tight if 
only 12 inches in thickness. But if the bricks are laid in 
cement or lime mortar, the exterior face of the wall should 
be coatfid with bitumiuoirs mastic, tln-ouglioufc its entire 
height, special care being taken to secure a perfect junction 
between this surface and the roof surface. The filling 
directly against this wall should be coarse sand or gravel, so 
that any water from the side gutter will promptly rnu ofE. 
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Brick Footpaths. 

Brick pavements, if laid with carefully selected Lard-burnt 
Iirick, make very good footpaths for streets devoted mainly 
to i-esidences, or where there is very little loading or unload- 
ing heavy goods at the curb. The bricks should be laid on 
their edges, with their longest dimensions directly or diag- 
onally across the walk, upon a form of well compacted gravel 
or coarse sand, or preferably upon a foundation of creosoted 
boards firmly bedded with a uniform beaiing on the sand, to 
the required inclination. The boards prevent the unequal 
settlement, almost certain to ensue if they are omitted, in 
consequence of the narrow bearing surface of the bricks. 

Flagging Stone Footpaths. 

Flf^gtng stones laid iipou a form of sand or gravel, or 
directly upon the natural soil when light and porous, fonn, 
probably, of all the materials above mentioned, the best 
sidewalk pavement, and, all things considered, give the most 
general satisfaction, where they can be procured of good 
quality and at j-easonable cost. The North (Hudson) River 
blue stone flagging lias for many years been in extensive 
demand for this puqiose, in cities and towns of the Atlantic 
States, north of the Carolinas, located upon wat«r routes. 
It is strong, hard, and durable, does not polish and become 
slippery under wear, and resists frost and does not break from 
upheaval by it, unless unusually broad and thin. The quar- 
ries yield slabs of any required thickness and superficial area. 

Broken Stone and Gravel Footpaths. 

A VC17 good footpath, .'juitable for parks, and for tho 
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Etdcwalka of country roads and suburban etrects, can bo 
made witb broken stone or gravel, or with a mixture of tlio 
two, applied in substantially the same manner and to about 
half the thickness described in Chapter III, for the construc- 
tion of road coverings. 

After the footpath bod has been excavated to the re- 
quired width and depth, ifc should be compacted by a gar- 
den roller or by ramming, unless the soil be sufficiently firm 
without it. 

If the soil be wet and clayey, or if ifc be at all infested 
witJi springs, a tilo drain of IJ to 2 inches bore should be 
hiid below the reach of frost, under the centre of footpaths, 
other than sidewalks, and the trench filling above it should 
he a sandy or gravelly mixture that will allow the water to 
liercolate freely through it. The subdrainage of sidewalks 
is presumed to be suitably provided fo]' in connection with 
that of the roadway. 

The lower layer of material to the depth of i or 5 inclies 
ni.iy be small rubble, or field cobble stone, or the refuse of 
qnarries, and of inferior quality. After it is put in place a 
roller or rammer may be passed over it, and the interstices 
partially filled up by breaking off the projecting fragments 
with a hammer ; or the required evenness may be secured by 
a second thin layer of smaller stones. A surface of suitablo 
gravel, 3 inches in thickness, applied in two layers, with 
the necessary raking, sprinkling, and rolling, completes 
the walk. The surface layer should be of small sei-ecncd 
gravel, when practicable. 

For jiark walks the transverse form of the surface should 
bo convex, and the sides of the walk, where no paved aide 
gutters are used, should be siiBiciently high to discbarge 
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the surface water upon the adjacent tiirf. In some cases k 
will suiBeo to take up tlie sod on either side of the walk for 
a width of 2^ to 3 fuot, aiid reset it in the form of a 
shallow treneli, called a sod-gutter, provided with snitahle 
outlets — covered or open drains — at the lowest levels, for 
can-ying off the surface water. 

If it be found that the surface water is not promptly 
conveyed away by these means, or if it injures the sod by 
wearing it into gullies, the walks must bo provided witJi 
paved gutters, on one or both sides, as circumstances may 
require. A neat and durable guttermay he formed of small 
cobble stones, such as can usually be found in gravel pits, 

AVhei-e an area embraced by a system of park walks is not 
susceptible of easy and sightly surface drainage, one or more 
main covered drains should be constructed, with a sufficient 
number of branches to collect the water from grated silt- 
basins located in the depressions of the side gutters. The 
location and size of these drains, will be governed by the con- 
figuration of the ground, the kind of soil, and other eircum- 
stauees of a special and local character. 

The extensive use of hydraulic cement concrete recom- 
mended in this volume renders it proper that some general 
directions for its fabrication should be given for the informa- 
tion of those not familiar with its properties. Tiie following 
is condensed from the fifth edition of the writer's work ii:i 
"Limes, Hydraulic Cements, and Mortars."* 

Hand-made Concrete. 

Each batch of mortar or concrete should correspond to 
one cask of the cement. In mixing it by hantl labor, four 
» I). Vi.li Xostrand, I'lil.lisluT, 2^ Murray Street, New York. 
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men constitute a gang for measuring out aiid^mising the 
ingredients, wlio proceed to the several steps of the procoaa in 
the following order : 

Fi}-st. The sand ia spread upon the plutform in a rec- 
tiingnlar layer ahout two inches in thickness. 

Second. The dry cement is spread equally all over the 
sand. If lime be nsed as one of the ingredients, it should 
first he slaked to a powder by sprinkling, and then mixed 
with thedrycement, before the latter is spread over the sand. 

TIdrd. The men place themselves, shovel in hand, two 
on each side of the rectangle, at the angles, facing inwards. 
Furrows of the width of a shovel, are then turned outward 
along the ends of the rectangle, until the whole bed is 
tarned. The two men on one side then find themselves 
together, and opposite the two on the other aide, having, of 
course, left a vacant space transversely through the middle, 
of double the width of a shovel. They then move quickly 
to the ends of the wide fiu'row and turn snccessive 
farrows inward, when the bed occupies the same space that 
it did previous to the first turning. The tnrning is executed 
by successively thrusting the shovel under the material, and 
turning it over about one angle as a pivot. Each shovel thus 
moves to the middle of the bed, where it is met by the one 
opposite, when each man moves back to the side, in dragging 
the edge of the shovel over the furrow he has just turned. 

Fourth. A basin is fonned by drawing all the material 
to the oater edge of the bed. 

Fifth. The water is poured into tlio basin thus formed. 
Sixth. The material is thrown back upon the water, 
absorbing it, when the l)cd occupies the same space that it 
did in the beginning. 
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Seveit/Ji. Tlie bed is turned twLce, by the process above 
described. If required for mason's use, the mortar is heaped 
np, to bo carried wlien and where required. If for conci'eto 
(tiie mortar occupying the rectangular space as at first). 

Eighth. The coarse materials (wliethcr broken stone, 
bricks, gravel, shells, or a mixture of two or more or all of 
them) are spread equally over the bed. 

Ninth. A bucket full of water more or less (depending 
oil the quantity of stone, their absorbing power, and the 
temperature of the air) is sprinkled over the bed. 

Tenth. The bed is turned once as before, and then 
lieaped up for use. The act of lieaping up, when done with 
care, has the cfEect of a second turning. 

The time consumed in making a batch of concrete, com- 
posed of one barrel of cement, two and a half to three barrels 
of sand, and five or six barrels of the coarse materials, is from 
twenty-five to twenty-eight minutes. An experienced gang 
of fli'st-rate laborers can do it in a little over twenty min- 
utes. If lime be added, the amount of sand and coarse 
materials, and the time required for mixing are proportionally 
increased. 

Mill-made Concrete. 

Mill-made concrete possesses suflieicut superiority over 
that manipulated by hand, to justify the expense of provid- 
ing snitable power and machinery, when operations of con- 
siderable magnitude are to be carried on. The more 
thorough manipulation secured by machinery, enables a 
smaller proportion of the cementing substance to be used, 
and effects a saving in the cost of both materials and 
labov. 
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The Cubical Concrete Mixer. 

This mixer. Fig. C4, consists tf i cnlinl b<>\ ihkIl oI! 
liard-wood plauk or boiler iron, mei^uiiug ubout fom fcit 
on eaeli edge in the interior, ngidly mounttd on an iioa 




axle passing through opposite diagonal cornel's. It u 
provided with a trap door abotit two feet square, close to one 
of the six angles f^irthest from the axle, for charging antl 
emptying the box. Eight to ten rovuliitions of the box, 
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made in less than one miuute, are found to be qnit« sii fficient 
to prodnce a tliorougli iu corporation of the ingredients. A 
small steam hoisting engine, which may be used for other 
purposes at the same time, furnishes the best power for turn- 
ing tho miser, and screw gearing is probably the best method 
of applying it. 

The miser is charged through a hopper, by means of a 
tub, swung from a common derrick crane, and holding just 
one batch of concrete, the volume of whicli should not exceed 
one-third to two-fifths the entire capacity of the bos. 

The crane sliould of course be worked by the same power 
tliat turns tho box, and should have a sweep reaching from 
tJie platform where tho materiiila are measured to the 
hopper. 

The process should be conducted iu the following order : 

First and Second, spread the sand and the cementing 
materia! upon the platform, as in direction for liand-made 
concrete. 

Third. The dry materials mjiy be mixed together with 
shovels, as for haud-made concrete, or they may be only 
partially incoi-poratcd by long teethed rakes passed back and 
forth through them without disturbing tho position of the bed. 

Fourth. Empty the coarse materials upon the bed of 
sand and cement and spi'cad them over the same, not neces- 
sarily with much care. 

Fifth. Dash over tho bed tho requisite quantity of 
water, in such manner that it will he absorbed by the 
material, and not run oQ upon the platform. 

Sixth. Shove! the materials into the tub, taking care 
that each shovel full shall contain a portion of each of tiie 
ingredients. 
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Seventh. Empty the tub into the box ami set fclie latter 
in motion. 

MglUli. After ton or twelve revolutions, occnpying 
abont one minute, stop the motion, open tbc trap-door 
anil empty the mixed concrete into the t\ib, so that it can 
be deposited by the crane in sofne cooveuient spot within its 
sweep, and thus be out of the way of the succeeding batch. 

It will generally be found convenient to convey the con- 
crete to its allotted place in wheel- barrows. It should be 
compacted with rammers, in hovizontftl layers 5 to 6 inches 
in thickness, until all the coai'se materials are driven below 
or flush with the general surface. 

As a rule concrete shoiild be compacted in place before 
the cement has had time to take its initial set. AVhere the 
cement contains quicklime, a delay of a few hours is sonic- 
times necessary to allow the lime to bocomo thoroughly 
slaked. 
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TliAMWAYS, AND STREET RAILWAYS. 

A liorsG can draw, iipon a good stono tramway, a loacl 
11 times as great as Iio can move wifcli the same effort ami 
at the same speed upon an ordinary grave! roajJ, tlie foreo 
of draught being only y+s ^^ t'i<* ^'^^^ '" the first instiineo 
wliile in the second it is ^. Even npon a veiy dry and 
smooth broken stone road — i. e. a macadamized road in its 
best condition — the tractive force is 3^ to i times as gi-eat 
as upon a good stone tramway. 

The marked advantages of a hard smooth surface for 
the wlicols of heavy vehicles to move upon ou tlie one iiand, 
and the comparatively groat expense of providing sueli sur- 
faces on the other, hiisied to the practice in some localities of 
restricting the widtli of the wheel tracks to wliat will simply 
suffice for the convenient use of the soveral kinds of vehicles 
upon whieli the traffic is conducted, while the rest of the 
roadway is finished with a less costly covering. 

A construction of tliis kind is called a tramway, which 
consists of two parallel tracks of suitably smooth and hard 
material to receive the wheels, while the spaces between 
them on which the animals travel, as well as the road sur- 
face on either side, is paved with a different material. 

The wheel tracks are usually of stone ; occasionally of 
wood or iron. 

As tramways ure intended for the equal and common 
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use of all ciiifsca of vehicles, and not, like street railways, for 
the exclusive benefit of specially eonstrHcted cars restricted 
to one kind of traffic, their constractioa and maintenance 
properly belong like street paving to tho muuieipality, 
rather than to private corporations. They possess certiiin 
advantages over street railways in being adapted to every 
variety of traffic and vehicles, with entire freedom to leave 
the ti'am when needful without becoming helpless or ineffi- 
cient, and return to it as occasion or convenience may swg- 
gest. Stone tramways are in general use in Southern 
Europe, particularly in Turin, Milan, Verona, and many of 
the smaller cities and towns of Xortlieni Italy, 

The Italian Tramways. 

The Italian stone tramways consist of two parallel lines 
of granite blocks or slabs, cacli slab being nsnally about 

2 feet in width transversely, 8 inches in thickness, and 4 to 
C feet in length. The blocks are laid end to end with close 
joints. The clear distance between the two lines is abont 

3 feet 4 inches, making the width between the two axes 
or center lines 4 feet 4 inches, which is about the average 
width between the carriage wheels. The roadway is usually 
formed with a slight inclination from the sides toward, the 
centre, the tramway blocks being laid to tlie same inclina- 
tion, with their upper surfaces flash with the road surface 
on both sides. 

The horse track between tho blocks is therefore the 
lowest part of the road. It is paved with cobble stones from 
tho neighboring streams, forming a shallow concave channel 
along which the surface water flows away into suitable cross 
drains. 
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Thcwiugs of the road may bo pavoil, Miicadauiizei], 
grjivelod, or left as earth roads. 

The foundation for thuso ItaJiaii trams usually coosista 
of a bed of screened gravel 5^ to 6 inches in depth, sni- 
mounted with a 3 inch layer of sand in which the gi'anito 
blocks are set. 

The road bed ia well compacted by ramming or rolling 
before the gravel is spread; and this is also watered and 
rolled or rammed in the usual manner. Sub-drainiige is 
provided in soils which require it. 

Tlie surface drainage ia diachargod by the central gutter 
between the trams, into sub-draina, through vertical shafts 
covered with stone gratings. The gratings are formed from 
11 single pieee of gi'anite, cat concave on the top to corre- 
spond to the snrf ace between the trams, and usually provided 
with three slots, each about 13 inches long, 1|- inches wide, 
and 8 to 10 inches apart. 

The cost of constructing one mile of tlie tramivay above 
deacribed, with wages varying from 3 to 3^ franca per day 
for stone cutters, 1^ to 3 francs for common laborers, and 
2 francs for pavers, amounta to about $H,600, gold. This 
inchidea the paving between the trams, the subdrains, and 
the openings in the central gutter leading thereto covered 
with granite gratings, and surface grooving the blocks 
to give horses a foothold on the trams when turning out 
on steep grades. It does not, however, include the cost of 
paving the roadway outside the trams. 

Although the first cost of a good stone tramway is com- 
paratively large, it posaeasea a long life, and the neceasaiy 
annual expense upon it for repairs is but a more trifle. It 
is an error to assume that tlicy are out of date, although 
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theiv usefulness and their gener:il adaptation to tlio necessi- 
ties and conveniences of traffic, liave been grcjitly i-estrictod 
by the introduction of steam and street railways. They 
are certainly not adapted to the most crowded streets of a 
city, and as a connecting route between neighboring towns, 
a niiSroad, although costing tjiree to four times as much, 
might in most cases bo preferable ; but upon wide streets 
and over short suburban lines with a large traffic, and in 
epocial cases iu manufacturing and mining districts, and in 
large cities, as a connecting hnk between the termini of 
railroads, where steam cars ai-e inadmissible, they are able 
to supply a convenient and inexpensive method of carnage, 
while the current outlay for maintenance, which amounts 
to a heavy tax upon all other Itinda of roads, is only 
nominal. 

AVhere the haulage is heavy both ways the tramway 
should have a double ti-ack, the centre line of blocks being 
common to both, and wide enough to allow the voliicles to 
meet and pass each other without leaving the trams. 

To insure a greater degree of permanence and stability, 
the blocks should be bedded in hydraulic mortar, upon a 
concrete foundation C inclies thick. This would allow a 
reduction in their thickness to about 6 inches. 

Tlie horse track should be paved with stone blocks .is 
greatly preferable to cobble stones. 

An excellent substitute for a stone tramway is a stone 
block pavement of carefully selected blocks laid in mortar 
upon a concrete foundation. Its width for the vehicles in 
common use need not exceed 13^ to 14 feet to enable them 
to meet and pass each other without collision. It should be 
along the middle of the roadway, and slope each way from 
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tlio crown at the rate of about 1 in 40, the wmgs being fin- 
ished with any covering suitable for the neighborhood. 

Tramways shoiild of course be hiid on the grade of the 
street as usually constructed, and there can be no advantage 
ill liaving the middle of tlie street lower than the eidea. 

Street Railways (Called also Tramways), 

On a well bnilt railroad, the force required to move a 
car upon the level rail, at a epeed of 5 miles per hour is not 
far from ^^ to ^^ of the total weight of cur and load, vary- 
ing within these limits with the state of the rail with respect 
to moisture and dryness. 

Tlio following rule is the one in common use for obtain- 
ing this resistance ; 

1. Multiply the weight in gross tons by C, The pro- 
duct regarded as pounds will be the friction. 

3, Multiply the weight by the velocity in miles per hour 
and divide by 3. The quotient will bo the allowance to bo 
made for concussion, in pounds. 

3. Sqtiare the velocity in miles per hour, and multiply 
the square by the frontage in feet, and divide the product 
by 400 for the resistance of the atmosphere in pounds. 

4. The Slim of these three results is the total rosistimco 
in pounds. 

Upon street railway lines, in consequence of the presence 
at all times of more or less dust and stiff mud upon the 
i-ails, the tractive force is comparatively large. In the average 
condition of the I'oad it may be set down as fully y^^ of the 
loaded car, so that a car weighing 4,000 lbs. carrying 23 
l>assengers, each weighing 150 lbs — total 8,200 lbs — would 
require the exertion of a force of GSj lbs (— fjV") ^" move it 
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on a level rait at a low speed. Upon desceuding grades of 
1 in 68^ tlio brakes would not therefore have to be applied. 

In pi-actieo the gi-ades must conform to those of tho 
street, and for short lengths may be even steeiier than would 
be Buitablo for ordinary vehicles upon a good street surface. 
The question of grades, therefore, for street railways, except 
in special cases, resolves itself into the adoption of those 
already existing. 

Upon tho Bleecker street and Fulton Ferry line, in K"ew 
York city, there are two very steep grades, one with an 
aggregate rise of 10.3 feet in 325.35 feet, equal to a mean 
of 1 in 21.8, and the other with an aggregate rise of 10.3 
feet in 348,8 feet, eqnal to a mean of 1 in 34. The point of 
highest grade upon each ascent is very considerably steeper 
than the average rise, which includes those portions with a 
gentle grade near the foot and the crest of each stretch. 

Drainage. 

Upon streets suit;ibly provided with paved carriage ways 
and sidewalks, and with sewere, tlicre is no occasion to make 
any special or additional provision for the drainage of street 
railways, bat for lines located upon country or suburban 
roads, the same precautions must be taken to secure thorough 
Bui-faeo and sub-drainage that have already been described 
as necessary for ordinal^ roads. There is no occasion to 
rcjieat the in liere. 

Construction. 

A street railway, as almost universally constructed in tlio 
United States and elsewhere, consists of i"olIed-iron rails, 
laid upon longitudinal timbers or stringers, resting upon 
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tioiber cross ties. The top of tlte rails slioiiM set fltisli with 
the surface of tiio strcot, and tliej should, preferably, be of 
Boch patterns and laid to sucli gJiuge as will least incommode 
the ordinary traffic conducted with the vcbicles of the iicigh- 
borliood, for it will rarely occur that the interests of tlie rail- 
way, and tiiose of the truck, cart, and express wagon will be 
other than identical. Upon crowded streets in particular, 
and generally in the business portions of cities and lai-ge 
towns, eveiy device ealenlated to keep the current of traffic 
moving, and prevent blockades, is a benefit alike to all. 

Bails. 

It is desirable that the car wheels shoiild bear upon the 
rail directly over the centre line of the stringers, or as nearly 
so as possible, in order to obviate any tendency of the rail to 
cant to one side, when the wood begins to become soft and 
weak from decay. This condition however would exclude 
the rail with the single rib, raised on one side only (See 
Figs. C8 and CO) and having a broad flat surface occupying 
the rest of its width, which is really the form offering the 
least interference with the traffic conducted on ordinary 
carriages ; for the broader tlie surface upon which such 
carriages can ti'ack, the less will bo the cliffieuity, and the 
Jess the wrench upon the wheels, as well as upon the rails, 
in taking and leaving it. 

In some cities the pattern of the rail, as well as gauge 
of the track, is prescribed by municipal authority, with 
special reference to obtaining sneli a railway as will not 
only reduce to a minimum the annoyance occasioned by the 
rails to promiscuous traffic, but will enable them oven to 
contrlbntc fo its promotion iiiul cmivcniencc. 
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A grooved mil, as a general rule, is not tlio most desirable 
cither for the railway company, or the ordinaiy vehicles upon 
the street. It collects the dnst and mud, and, in cold 
weather, gets filled with ice and snow, thusgreatlyangment- 
ing the tractive furce r f the cai while thi wheels of wagons 
ind Incks, and especially of ill cf the lighter and fniiler 
clisses of cimiges, having once enteiel thu groovesj experi- 
ence a sc\eio striin and are not unfieqnently twisted off, in 
leasing them whiL the railb therasehes lie thereby more or 
le s disturbed ind in time loosened it then fistenings. In 
Fig 60 serMCLable ind convenient form& aie shown at b, 
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which if mide of 55 p unds weight poi >ii 1 will answer for 
hcL^y tiafHc For light traffic foira o of 30 to 35 pounds 
weight his been found to bo enitible It tils arc sometimes 
made of TO and eM,n 75 pounds weijjht to the yard, Ciist 
iron lails hn^c been tiicd without gnuig s,itisfjctiou. 

Stringers, or Sleepers. 

The purpose of the stringers is two-fold ; to secure a 
uniform bearing for the rails, and to raise them to the level 
of the street surfiice. They may be of southern or of ordi- 
nary white pine, preferably the former, on account of its 
superior stiffnoss and hardness. Any otlicr kind of durable 
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wood possessing these qualities, may of course be used, 
provided its price be such as not to exclude it. The 
sleepers are sawed, the usual dimensions being 7 to 8 inches 




in depth, witli a width equal to that of the mil, iiiijl a length 
varying from 25 to iO feet. (See Figs. 6C and C7.) 

Cross Ties. 

The eroaa ties (Fig. CC) may be of iiiiy durable wood, 
either white or yellow pine, chestnut, or white oak, hewn or 
sawed, 6 to 7 inches wide, 5 to 6 inches deep, and of such 



length as to reach about 12 inches beyond the stringers on 
either side. They may bo faced on the top and bottom 
only, the bark alone being talien from the sides. 

Upon streets suitably sub-drained, the cross tics are 
simply laid m trenches excavated to receive them, care be- 
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iiig taken not to loosen up the soil to a greater depth than is 
reqiiisite to give them a firm and level bearing throughout 
their entire length, with their top surfaces parallel with the 
line of the grade. The earth should be packed around 
them and under their edges by tamping with a crow-bar or 
other suitable implement, to giiarf against subsequent 
settlement or disturbance. 

AVhen suitable sub-drainage has not been provided, as 
will often be the case upon suburban streets and country 
roads, and especially where the railway is to rest upon 
clayey or spongy soils, the bed should be sab-drained, in 
substantially the same manner prescribed for ordinary roads, 
by excavating to a width exceeding the length of the cross 
ties by at least some inches, and to a depth of 6 inches 
below them. The trench tlius formed, after suitable cross 
drains have been constructed, is then to be filled in with a 
ballast of broken stone, gravel, coarse sand, or a mixture of 
them all, wliich shonld be thoroughly compacted by ram- 
ming in layers, to guard against further settlement or shrink- 
age. "When the filling lias reached the requisite height to 
receive the cross ties these are placed in position, the 
materiid under their edges further compacted by tamping, 
and the filling continued to the level of their top surfaces. 

The cross blind-drains should be at least 13 to 18 inches 
in depth, below the bottom of the filling or ballast, and 
should extend out on either side to the side ditches. 

To preserve them from early decay, the stringers and 
cross ties should be creosoted, in the manner described on 
page 163 which, if thoroughly done, will add at least ten 
yeai-a to their life. 
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Fastenings. 

No little difilcnlh in^ Uen Lvperieiiced in firmly secur- 
ing the rails to the &ti nj;ci and the stringers to the cross 
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devised, possessing bo few objeetiouablc features us to com- 
mand general adoption. It has been found impossible to do 
away with the iisc of spikes, bolts, or pins, and these be- 
come loose from the gradual enlargement of the holes occa- 
sioued by incessant yibration. 

For securing the stringers to the cross tics, square or 
octagonal oak or locust pins have been used, and thoy possesj 
the advantage that the spikes for fastening the rails can be 
driven into the pins, in eases where they happen to corns 
directly over them. Half inch round iron bolts, or long half 
inch square spikes, are generally preferred to wooden pins. 
The ends of the stringer with an iron plate under them, should 
rest on a cross tie, and not f;ill between them, but those on 
opposite sides should not meet on the same tie. 

To prevent the spreading of the track, cast iron knees 
or angle irons are spiked to the stringer and to each tie or 
each alternate tie. In some cases those knoas are phiced on 
both sides, in others on the outside only of each stringer, 
(see Fig. 68). Transverse wrought iron tic bolts, of about ^ 
inch round irou, passing through both stringers, and having a 
head on one end and a screw and nut on the other, have also 
been used for the same purpose either with or without the 
knees. Such ties should be placed near tJio bottom of the 
Etringei-s, in order that they may receive no injurious ten- 
sion or strain from the sinking of the pavement above them. 

Additional security ag-unst spreading may be given by a 
good block stone pavement, upon the entire street, including 
the space between the rails, provided the stones be set firmly 
agiiinst the stringers on either side. Even where a cheaper 
kind of pavement is nsod for both horse track anJ street, it 
is desirable that one row at least of sfcoac blocks should bo 
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set on each side of cacli stringer, and these should be com- 
posed of aJternately long and ehort blocks (as ehown in Fig. 
69), so as to tootli into tho contiguous pavement, and thus 
avoid a cootinnoua joint wbicli would wear iuto a Tiit. 

The best pavement between the rails, and upon ivhicb 
the animals appear to travel with greater confidence and less 
fatigue than upon any other possessing the requisite iirmness 



^mm 




and duiabdit}, it> oni. of lather small cobble atones, laid « itli 
a very slight inclination from the centre toward the rails. 

Tiie top of the pavement shonld be at the same height as 
tho top of the adjacent edge of the rail. With a rail there- 
forc, having a single rib on one side and a single horizontal 
flange on the other, the pavement nest the rib will be aa 
mnch higher than that nest the flange as the rib projects 
above the flange. If tho rib bo on the inside of tlie rail tho 
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Iiorse track will be higher tlian the rost of tlic street, and if 
on the outeide, it will be lower. 

Many methods of fastening the rails to the stringers have 
been practiced, among which that of clinch spikes with 
countersnnk heads, driyen vertically through the bed or 
thin poi-tiou of the rail, well into the sleeper, is about the 
best. When the width of the bed will admit of it, the 
spikes should be placed two to three feet apart, alternately 
]iear its inner and its outer edges, so as to give the rail a 
firmer seat, and counteract its tendency to cant to one side 
or the other. Sometimes the spikes pass through the edge 
of the rail diagonally, and sometimes screws are used diago- 
nally or vertically. When rails with vertical webs at the 
sides, reaching some distance down the faces of the stringer, 
are used, the fastenings may be spikes, screws, or staples 
passing through the rail into the timber horizontally. 
The ends of the rails should meet as far as possible f I'om the 
ends of the stringers. 

The perishable nature of wood is a source of serious 
expense in the maintenance of street railways, and efforts 
Jiave been made to substitute iron and stone for the timber 
cross ties and sleepers, but no trial of this method of con- 
struction has extended over a sufficient period of time to 
fnlly test its practical value. 

Many experimental attempts have been made to replace 
horses by mechanical motive power, for the propulsion of 
street cars ; and gas, hot air, electricity, as well as steam, 
haTC been suggested and some of them tried as motors, but 
never with entirely satisfactory results. In the present con- 
dition of the problem, the great desideratum appears to ho 
a small, noiseless, spark-and-smoke-consuming steam engine. 
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Car Starters. 

Tlie freiiueiit Iialtings and stai-tings wliicli are necess:ii'y 
for the accommodation of passengers rising street cars, 
operate as a most serious tax upon tlio endurance of tlio 
horses, and within tho last few yeai-s many mechanical devices 
have been tried, mostly as matter of experiment, with the 
ol)jeet of removing or lessening this evil. 

The prevailing idea appeal's to have been to store up the 
jTOwer necessarily exerted by the brakes in bringing the ear 
to a state of rest, by the compression of some form of spring, 
and then to expend ifc in turning the cai' wheels, so as t-o assist 
the horses at the moment they are required to start forward. 

It is to be regretted, however, that no car starter has yet 
been invented, possessing snfEcient practical merit to com- 
mand general approval. They have all failed in a gi-eater 
or less degi-ee, to render with reasonable certainty, and at 
the proper moment, tlie measure of aid required of them. 
In order to be efficient, they should bo under the easy and 
quick control of tho driver, and possess enough initial power 
to move tho ear within 1 to 1^ seconds after the signal to 
start is given, and before tho horses have taken the dranght 
upon tlieir collars. 

The principle upon which the Crozier car brake and 
starter operates will be imderstood from Fig. 70. The 
upper portion of the figure represents the apparatus in plan, 
while an end view is given in the middle, and a side view in 
the bottom cut. 

A is a bevel wheel keyed fast to the car axle, and I! is 
another wheel facing it but fitted so as to turn and shdo 
on tlio axles and having a rose clutch, C, for connecting to 
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the axle so as to turn it when desired ; it also lias a sleeve 
D, extending nearly to wheel A, and coupled by a eroteheii 
arm E, with a rock shaft helow (seen at F in the hottom 
cut) by which the driver, by means of a lever at W, shifts 
the gears as required for stopping and starting. 

The sleeve D, is also the bearing for one end of the 
shaft G, on which is a wheel I, for gearing witli wlieel A, 
also a wheel H, for gearing with wheel B, and also a dmm 
K, for winding up a spring or springs L, and which has 
its other bearing in the arm J, of the rock shaft F, so that 
by tlie oscillation of the rock shaft through the medium 
of the lever at W, the shifting is effected. 

When the car is moving forward, if the driver by a move- 
ment of the lever at W, gears the shaft G-, with the wheel A, 
by means of the wheel I, the drum K winds np a chain which 
compresses the spring L until the car stops, the wheel B being 
at this time disconnected with the eluteh C, and free to 
move around. At the signal to start, the shaft G is thrown 
out of gear with the wheel A, and the wheel B at the 
same movement engages with its clutch at 0. The spring 
then reacts, and in unwinding the chain from the drum 
K, starts the car through the medium of the wheels H and 
B. The wheel B, being larger than wheel A, afEords a 
greater leverage to the power of the spring in starting, than 
that applied in compressing it when stopping. 

The Fireless Iiocomotive. 

Upon the subject of mechanical motive power for street 
eai-s, to which i-elerence was made on page 340, it seems 
proper to mention an invention of Dr, Lanime of New 
Orleans, consisting of a small locomotive with a boiler of 
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about CO cubic feet capacity, but without any furnace or 
other appliance for heating it. 

The principle npon whieli it is espoctcd to work may l)e 
stated brieBy as follows : 

"When required to start the car, the boiler ia nearly 
filled with cold water, and the locomotive is mn alongside 
of a large stationary boiler, working at a pressure of 200 lbs. 
The steam pipe of the stationary boiler ia connected with tlio 
locomotiyo boiler, steam then mshea into the latter, and in 
a few minutes it raises in the cold flreless boiler a pressure 
of 180 lbs. Tlie connection with the stationary boiler is then 
uncoupled, and the fireless loeomotire is ready for work." 

The experiments which were made with this fireless 
engine were tolerably successful on I'oads that were level or 
had only very low gravies, and while tliere were very few 
stoppages ; but upon steep grades and when operating with 
frequent halts, its limited power was soon rendered inefficient 
by the constant lose of heat by radiation. 

As street railways mnst adopt the ordinary grades es- 
tablished for other vehicles, and as the stoppages must neces- 
sarily be frequent to allow passengers to get m and ont, and 
must be made, even upon ascending grades, unless they are 
exceptionally steep. Dr. Lamme'a locomotive will lequii-e 
extensive modification and improvement before it can bo 
accepted as a practical solution of this question. 

There are such strong prejudices in the mind of the gen- 
eral public against placing a steam boiler in a car occupied 
by passengers, even although it may be kept entirely out of 
sight, and so arranged as not to interfere with their comfort 
or convenience, that it is doubtful whether a self-con tjviued 
eteam car can ever comraond itself to jiopiilar favor. 
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It ia to be lioped, for tho benefit of al!, that tlie iiiveiitofa 
who do not share this view, will be able by mechanical con- 
trivance and skill, to remove the objections on which it ia 
founded. 

Statistics of Street Railroads. 

Tlie following tables, giving the chief particulars of 
certain horse railway companies, have boon aiTauged at the 
request of the author, by Mr. Isaac Newton, Engineer, of New 
York city, from the annual reports of tlio Massachusetts Rail- 
way Commissioners, and the State Engineer and Surveyor of 
tlio State of New York for 1873. The examples have beca 
selected bo as to give information respecting tho operation of 
such railways in tho crowded streets of cities, as well as on 
ordinary country roads or turnpikes. 

The particulars given may be divided in two classes ; Ji/'t'l 
those regarding the cost of the construction of tho roads : 
second, those referring to the cost of maintenance, including 
al! operating expenses, and the amount aud source of the 
revenue. In the case of the New York railways, the figures 
respecting the cost of constrnetion are not in all cases reliable, 
but those regarding the operating expenses ai-e, in the opinion 
of the writer, correct : the latter are obvionsly of the most 
importance. Engineers can estimate with all needful 
accuracy the cost of constructing and equipping a proposed 
horse railway ; but respecting the cost of operation, the facts 
obtained from experience with existing roads are the only 
safe guiLles to a close estimate. 

Eegarding the MassacJiusetts Koads, both classes of 
figures may be taken with confidence, as accurate statements 
of the facts. 
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TABLE I.— Particulars of ITniie Sailroada in, State of Mw fork. 
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R^Url'id 


Ra^ifi^ 


B'way 
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Diynnek 
B'li-ay 


I. Cfs^WjUioIl of 
Ruad. 














1. Length laid 


lOmilea. 


8 milea. 


4 miles. 


8 milea. 


9,150 m. 


10.73 m. 


S. Length of donblc 
tiack, incL Bidluge 


OOlh.... 


^BtoCSlto 


4.375 " 

eoibs. 


33.03,65 Ibt 






poumla per yard.. 


:0tefl5 11. 


48,53,83 l]>f 


II. Sevc»«e. 














I. FrorapuEHcngerB.. 


«678,54; 


Jl ,513,391" 


1737,35^ 


Ssni,i8 


S-57,15;- 


STTO.fiO 


S. Horeee. manure 
old material. Ddvcr 


JS,63; 


SfiaB,42< 


Ko:,07: 


f!5,97. 


$10,831 


r Bonds- 

re: 


S. Total revenue 


f6ei,iB5 


ii,uo,m 


$939,43 


J92D,15f 


$738,010 


$1,375,6SS 


part&ulara. 














1, Number ^ passcn 


13,5?0,ffl» 


i6.850,00C 


H,747,141 


n.833,770 


15,143,048 


l!i,B36,10C 


8. Hate of fare 


l^-.x 


i£S: 


{scent. 


5 centB. 


5 cents. 




'■Sf.J'Z^.i?: 


ih.aom. 


■«■»■"■ 


8 m. p. h. 


4«min. 


90 .,n. 




IV. Equipment. 




l.No.horB6Bormnlflf 


103S 


1841 


1,097 


1,M6 


1,0(M 


835 


2.Humberot cars... 


151 


ni?s 


} .„ 


141 


110 


131 


•iSSASS 














l.Boad-bed Biiner- 
struvtnre.incl.ljon, 


31,Sl(i.41S 


}1.5M.0O0 


S857,il4 


Ji!,811,370 


$544,459 


$310,3-11 


%'isiisr« 


{410.593 
$173,137 


SJ,81T,S65 
#250,000 




$057,360 
$191,050 




$474,830 
Slil,775 


8. Horaea & liamcBs. 


$103,390 


4. Cars 


ill 1,550 


J 190,000 


tni.ias 


$157,478 


$137,513 


S131.00J 
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'■ 
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8.81 m. 


a. 
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41 miles. 
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3. 


641ba. 


66 lbs. 


^to«6... 
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46toG4 Ibf 
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11. 
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$179,0ai 
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- 
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5128,349 


a. 


$566,757 


S25V,70i 
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$65.™* 


$l,496,aw 
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5^34,369 
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1.784,34^ 
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45min. 


ir. 


4W 


400 


m \ 


i^rs^ri 


[ 1,805 


301 










'■ 


68 


40 


SO 


\%vn^ 


( 412 


in 


\ 


■B cars. 
l4sleUb8 


i. 


I739.7M 


tl,ri9,K4 


$515,TBIi 


$69,8D0 


$1,090,866 






SaiC,814 


,. 


(m,5io 


S^,5^ 


S443,iaa 


148.164 


$800,543 


$8i3.3r. 


$m.8^ 


5160,404 


>■ 


(33.M9 
$59,i55 


%i3,6a5 


123,600 
$17,600 


1187.903 


j- $73^,401 






571,916 
$80,489 
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Second 


Third 
roa 


Ittth 


atS 


Eighth 


DryD^k 
ll'wu'y 


■Expeaaeji. 














i. Kepalre to road-bed 
o( bidings, fistnres 


*23,197 


($320,381 


t»110,B65 


$41,409 


S47,39C 


419,091 


2. TaicBonresUBt,. 


t8,B00 


525.12S 


jas,rai 


$14,875 


^2,^ 


S3.83B 


S. Super! Dt end., oSei 
eip.,decl!a,etc..,. 


m,3as 


msTn 


$12,476 


$18,850 


$30,281 


S!3,33« 


4. Co,=dactorB&driv. 


$m,m 


tm.m 


$170,131; 


$191,055 


$163,111 


1 


5. Watehmen, atart- 
roadmcQ ;.,.. 


129,100 

taeaa 


$534,93;. 
$49,835 


$49.32( 
S23,(il6 


$18,875 

\ $3o:5ia 


$15,374 
i 810,52i 


$339,99 






7. BcpaireorbarDesf, 


ixrsi 


$8,SK 


$5,749 


$4,930 


S9.709 


$l.09i 


8. Horsealioeiiig 


*Si,500 


$BD,rti8 


*39,737 


$33,030 


$«9,09l 


$22,074 


9. Horeea or mules... 


saspsos 


J131,6K 


$10fl,3i7 


$48,000 


$83,300 


$19,114 


10. Sttbleesponaoa.. 


$30,363 


J3,493 


pl,539 


$83,501 


J57,376 


$3,30^ 


11. Feed, hay, etc.. 


$! 19,830 


$237,144 


$150,780 


J154.404 


$137,283 


$133,81. 


13. Fuel, gas, Alight? 


Sa,i4ii 


118.747 


59,132 


$3,577 


S7,080 


$3,551 


13. Oil ana waste.... 


(301 


$2,750 


$^18 


$1,311 


$ra5 


$-5 


liW<.tHtai,ina-oe. 


t ,ts 


I $.,702 


|B,3K 


$4,85 


$3,aao 


1 ftS: 


15. Lawoxpeoaoa — 


»3,4™ 


$22,74ti 


$3,155 


$4,951 


$5,907 


SJ,il 


IB. DsmsKes to per- 
sons and property. 


t5,llS 


$3,394 


$i,rK; 


$6,301 


$3,830 


$-.41. 




ii.m 


$19,150 


$1,000 
$3.5X 








„ 




$3,330 
S37S 


■ 


19. Advert, and print. 






$07 

$»; 

$3,^34 




ao. Tnif s on divld'ds. 








21. ContingoncioB.... 


S7,33e 


$1,603 


si.ai- 


$3,53? 


1 Sanw— 


23. Total operating 
expensep 


Ssii,or3 


$1,591, 5IS 


$791,131 


$655,709 


juie,47i 


$13 [,M 
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Beely'B wood Hiring process 163 

EeyBsel aepbaltrock IT 6, 216 

SewBtB 1 37 to 13D 

Sbell roads. lOT 

SLortest line seWoro piaeticobie . . 14 

Side cattings, deflnitiou of. 53 

Side drains, covered 51, E9 

Side drains of ronda E3, hi 

Sidegntters 58, 149 to 150 

Side slopes in cot^ge, iucliQatioii 

of 40 

Side slopes in cuttings, droiosge of 41 

Sidewalks. G8, 69, 149 to 151, 208 to 221 

Sidewalk vanlls 21T, 218 

Sienitic gnmite 76 

Silt Imsins 59, 60 

Slides 43, 44 

Slopes of embankinents 46 

Sluice-gate drainage.. 51, 52 

BpedflcatiODs 40 

Spoil bsnlEB, defluitloD of. 5S 

Springs in side basins 41, 42 

Starter for streec oars, cieolmnical 

240 to 248 

Statical resistance on grades. 27 

Statistics of Btieet railwajB . .246 to 253 
Steep grades, pavemonts on. 153, 155, 

166 

Stone block pavement 161 to lfi2 

Stone drains 5T to 59 

Stone traefcw^ tractive force 28 

Stone snitable for roads 7fi 

Stone, enaraination and tests of..90, 01 

Stone crosber 92 to 94 

Stone, wood, and ospbolt pave- 
ments compared 197 to 207 

Stowe pavement 166, Ififi 

Street pavements 187 to 207 

" " fonndations of 

142 to 149 

Streets, drainage of 1S9, 110 

Street railways 231 to 3S2 

Street rails, forms of ZB'i, 234 



Street raJwaj stringers and erosa- 

tlas 234 to 238 

Street riulwayEistecings nod pave- 
ments 287 to 240 

Street railway statistics 243 to 251 

Sub-pavement, Telfbrd's 98 to 100 

Surveys 12 

Surface driunage of roada 58, 59 

Swcmp?, roads over 49, 60 

Sweeping roads 118 to 121 

T. 

Table of resistances on varions 

grades 30 

Tebnantepec aspbalt 183 

Teil bydranllo lime 212, 213 

Tbichness of broken stone coveting 94 

" " gravel covering 54 

Tel ford road, tractive force on 23 

" " gradecn 2S 

leltbrd roads 96 to 100 

Telford sub-pavement 98, 99 

Testing stone for roads 90, CI 

Tidnlmarabes EO to 62 

Tilodnuns 56 to 69 

Tonnage and wear 132 to 134 

Tools 72 to 75 

Tongbness of stone, how tested .90, 91 

Topography by contour lines IT 

Trnttire furco, definition of 21 

" " Mcrin's espeii- 

Troclive force in pounds per (an 

Tramways 227 to £3i 

Tramways in Italy 228, 229 

Transporting eartli 87,88 

Transverse form of road surfiico , . 70 

Trialliues 12 

Trinidad asphalt um 174, 182, 183 

Turnpike system 109 

U. 

Undulating grades 2S 
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Varieties of bitumen 173 to 175 

Vaults noder ^enulks 217, 21B 

W 

WosLingtOQ, D. C, asphalt pava- 

ments 195 

Wear of eepliolt pavement 194 

Wear to tonnage, ratio of. ... 132 to 135 

West Virginia Kephaltnm ITi, 182 

Whit^orth'B machine 'broom 119 



Width of couutry roads 66 t 

Width of French roads 

Wings of conntrj" roada . , . . . 70, SE 

Wood, oreosoting 

Wood for road coveringa 

Wood, stone, and asphalt pave- 
ments compared 197 to 

Wooden cnlvcrts 

Wooden pavemenla 162 to 

Wooden pavements of Chicago..., 
Wooden pavements, dnst from,20o, 



HnjtcdbyGoOglc 



